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This  report  contains  and  summarizes  the  shrouded  propeller  test  data  obtained  in  a 
comprehensive  wind  tunnel  test  conducted  by  Hamilton  Standard  in  the  United  Aircraft 
Subsonic  Wind  Tunnel  test  facility.  These  data  include  the  effects  of  varying  the  shroud 
parameters  of  lip  shape,  exit  area  ratio,  propeller  position,  shroud  chord  length,  and 
exterior  shape,  and  propeller  parameters  such  as  planform  distribution,  number  of 
blades  and  tip  clearance.  Each  of  these  parameters  was  tested  over  a  wide  range  of 
propeller  power  loadings,  tip  speeds  and  free-stream  Mach  numbers.  These  data  were 
then  reduced  in  a  manner  in  which  the  effect  of  variations  of  each  parameter  change  on 
performance  could  be  separately  evaluated. 

This  work  was  undertaken  as  Phase  I  of  Contract  NOw-64-07  07 -d  awarded  by  the  Bureau 
of  Naval  Weapons  in  November  of  1964. 
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INTRODUCTF 


The  advent  of  V/STOL  aircraft  has  accentuated  the  need  for  propulsive  devices  that 
produce  high  thrust  at  static  and  low  speed  flight  conditions.  One  means  of  attaining 
high  static  thrust  without  resorting  to  large  diameter  propellers  is  through  the  use  of 
shrouded  propellers.  As  air  is  drawn  through  the  shroud,  a  low  pressure  region  is 
created  on  the  lip  of  the  shroud  and,  this,  coupled  with  diffusion  behind  the  propeller, 
creates  a  force  in  the  thrust  direction.  The  sum  of  the  shroud  force  and  the  propeller 
thrust  results  in  a  greater  net  thrust  on  the  shroud-propeller  unit  than  could  have  been 
obtained  with  the  same  diameter  unshrouded  propeller. 

A  great  deal  of  prior  experimental  work  has  been  conducted  on  shrouded  propellers  to 
substantiate  the  concept  and  to  define  performance  levels.  Unfortunately,  there  had 
been  no  coordinated  planning  between  the  many  individual  test  programs  and,  in  fact, 
a  large  portion  of  the  data  apply  only  to  specialized  configurations  or  design  problems. 
Consequently,  these  data  have  been  unamenable  to  parametric  analysis. 

Mutual  recognition  of  the  need  for  a  comprehensive  experimental  program  on  shrouded 
propeller  aerodynamics  led  to  a  Bureau  of  Naval  Weapons  contract  with  Hamilton 
Standard  for  the  conduct  of  the  following  three-phased  program: 

1)  Phase  I,  a  wind  tunnel  test  covering  a  systematic  variation  in  the  important 
shroud-propeller  variables. 

2)  Phase  n,  a  wind  tunnel  test  of  a  variable  camber  shrouded  propeller. 

3)  Phase  III,  the  development  of  a  reliable  shrouded  propeller  performance 
prediction  method. 

Work  was  initiated  on  this  program  under  contract  NOw-64-0707 -d  on  November  1, 
1964. 

This  report  covers  the  first  phase  of  this  program  which,  as  indicated  above,  involves 
a  systematic  wind  tunnel  test  of  the  important  shroud -propeller  variables  in  the  United 
Aircraft  Research  Laboratories  test  facility.  In  this  Phase  the  following  variables 
were  investigated: 
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1.  Propeller  Blade  Planform 

2.  Number  of  Blades 

3.  Tip  Clearance 

SHROUD  VARIABLES 

1.  Lip  Shape 

2.  Exit  Area  Ratio 

3.  Shroud  Chord/Diameter  Ratio 

4.  Propeller  Position 

5.  Exterior  Shape 

6.  Inlet  Vanes 

7.  Exit  Vanes 

Each  of  the  above  variables  was  investigated  with  at  least  two  configurations  over  a 
wide  range  of  propeller  power  loadings  and  flight  conditions.  This  report  covers  a 
presentation  and  analyses  of  the  data  gathered  during  the  testing.  Volume  I  covers  the 
analysis  of  the  data  and  includes  a  description  of  the  effect  of  each  variable  change  on 
performance. 

The  data  are  presented  in  a  dimensional  form  which  allows  the  rapid  evaluation  of  the 
effect  of  a  variable  change,  directly  in  terms  of  pounds  of  thrust  for  a  given  input 
horsepower,  propeller  diameter,  tip  speed,  and  flight  Mr.ch  number.  Both  net  (com¬ 
bined  propeller  and  shroud  thrust)  and  propeller  alone  performance  are  given. 

Volume  II  contains  a  detailed  description  of  the  test  facility  and  test  techniques,  and 
plots  of  the  force  test  data  in  terms  of  propeller  power  coefficient,  thrust  coefficient, 
advance  ratio  and  propeller  and  shroud  efficiency.  Volumes  HI  and  IV  contains  tabulated 
force  and  pressure  test  data. 
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OBJECT 


The  object  of  Phase  I  of  this  program  is  two-fold: 

1.  To  provide  empirical  data,  with  systematic  variations  in  the  important 
shroud-propeller  shape  variables,  that  may  be  used  to  design  efficient 
shrouded  propellers. 

2.  To  supplement  the  development  of  a  reliable  analytical  performance  predic¬ 
tion  method. 
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IV  CONCLUSIONS 


From  the  test  results  the  following  conclusions  have  been  drawn: 

SHROUD  VARIABLES 

1.  Of  the  two  shroud  lip  shapes  which  were  tested,  the  net  thrusts  with  the 
basic  lip  are  1%  to  2%  higher  at  M  =  0,  generally  the  same  at  M  =  0. 10  and 
1%  to  4%  lower  at  M  =  0. 20.  At  higher  Mach  numbers  the  thrust  compari¬ 
sons  are  very  dependent  upon  power  loading  and  tip  speed.  At  M  =  0. 50  the 
B2-3WT  model  produces  from  10%  more  to  60%  less  net  thrust  than  the  ba¬ 
sic  or  B1-3WT  model. 

2.  At  low  speeds,  below  M  =  0. 20,  the  1. 3  area  ratio  shroud  model  produces  the 
most  net  thrust  for  a  given  propeller  input  power.  Above  M  =  0. 20,  however, 
the  1.1  area  ratio  shroud  produces  the  best  performance.  The  average 
changes  in  net  thrust  for  the  1. 3  compared  to  the  basic  or  1. 1  area  ratio 
shroud  model  are  9%  at  M  =  0  and  -69%  at  M  =  0. 50. 

3.  Of  the  two  shroud  chord  lengths  tested,  the  longer  or  basic  length  model  pro¬ 
duces  considerably  more  net  thrust  at  0.40  and  0.50  Mach  number.  At  lower 
Mach  numbers  the  differences  in  performance  are  quite  small  ranging  between 
plus  and  minus  2%.  The  net  thrust  for  the  basic  shroud  length  is  an  average 
3. 5%  and  18, 5%  higher  at  M  =  0. 40  and  0. 50  respectively. 

4.  The  net  thrusts  are  quite  dependent  upon  the  position  of  the  propeller  within 
the  shroud.  With  the  propeller  in  the  forward  position,  the  net  thrusts  are 
consistently  higher  at  and  above  M  =  0. 20  and  are  an  average  13%  higher  at 
M  =  0. 50,  At  lower  speeds  the  net  thrusts  are  highest  in  the  basic  position 
and  are  an  average  3%  higher  In  that  position  at  M  =  0. 

5.  The  external  shape  of  the  basic  shroud  model  is  considerably  more  favorable 
to  net  performance  than  the  NACA  series  16  external  fairing.  Up  to  M  =  0. 20 
the  performance  for  these  two  models  is  quite  similar,  but  is  an  average  3%, 
4%  and  14%  better  for  the  basic  model  at  M  =  0. 30,  0.40  and  0. 50  respectively. 

6.  For  inlet  vanes  which  are  designed  as  structural  support  members  the  best 
overall  vane  pitch  setting  is  0°.  Large  performances  losses  result  from 
preswirling  the  flow  in  the  direction  of  the  propeller  rotation.  At  low  Mach 
numbers  some  minor  net  thrust  increases  occur  with  the  inlet  flow  pre¬ 
swirled  opposite  to  the  propeller  rotational  direction.  On  the  average  there 
is  very  little  difference  in  net  thrust  with  no  inlet  vanes  and  with  inlet  vanes 
set  at  0°. 
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7.  For  exit  vanes  which  are  designed  as  structural  support  members  the  net 
thrusts  are  generally  highest  at  M  =  0. 05  with  the  vanes  set  at  10°  while  they 
are  highest  at  M  =  0. 20  with  the  vanes  set  at  0°.  For  these  settings  the  net 
thrusts  were  very  nearly  the  same  as  with  no  exit  vanes  at  all.  At  higher 
Mach  numbers  the  net  thrusts  were  greater  with  the  vanes  set  at  0°  than  with 
no  vanes,  and  by  ar  average  10%  at  M  =  0. 50. 

PROPELLER  VARIABLES 


1.  Of  the  three  propeller  planforms  tested  the  superiority  of  any  one  for  produc¬ 
ing  net  thrust  is  dependent  upon  both  Mach  number  and  power  loading.  In 
general  the  narrow  tip  trapezoidal  planform  propeller  is  superior  up  to  M  = 

0. 20.  At  M  =  0. 3,  0.4  and  0. 5  the  superiority  is  shared  by  the  rectangular 
and  wide  tip  trapezoidal  planform  propeller  models. 

2.  The  net  thrusts  are  generally  higher  with  the  three  bladed  propeller  than  with 
the  four  bladed  propeller  at  Mach  numbers  of  0,  0.10  and  0.20,  and  are  ac¬ 
centuated  as  the  propeller  power  loading  increases.  Above  M  =  0. 20  the 
four  bladed  propeller  produces  the  most  net  thrust.  The  average  ratios  of 
net  thrust  for  the  four  bladed  model  to  the  three  bladed  model  are  .  978  and 

1. 062  at  M  =  0  and  0. 50  respectively.  At  low  speeds  the  net  thrust  trends 
are  mostly  the  result  of  the  propeller  thrust  comparisons  while  at  M  =  0. 30, 
0. 40  and  0. 50  both  the  shroud  and  propeller  are  favorably  affected  by  the 
four  bladed  propeller. 

3.  Increasing  the  propeller  tip  clearance  to  diameter  ratio  is  detrimental  to 
both  the  propeller  and  shroud  thrusts  at  0,  0.10  and  0.20  Mach  number.  At 
higher  speeds,  however,  the  net  thrusts  increase  at  the  maximum  tip  clear¬ 
ance  and  at  M  =  0. 30  and  0. 50  are  an  average  2%  and  4%  higher  than  the 
minimum  tip  clearance. 


GENERAL 

1.  The  basic  shrouded  propeller  model  produces  considerably  more  thrust  than 
the  same  propeller  without  a  shroud  at  0. 05,  0. 10  and  0. 20  Mach  number. 
The  average  increases  in  thrust  are  65%,  35%  and  3%  at  these  three  Mach 
numbers.  The  thrust  of  the  propeller  alone  for  the  basic  shroud  model  is 
very  nearly  the  same  at  0. 05  and  0.10  Mach  number  as  the  unshrouded  pro¬ 
peller  thrust  and  about  5%  lower  at  M  =  0. 20. 

2.  The  shroud  thrusts  are  very  much  affected  by  the  propeller  power  loading. 
The  axial  force  on  the  shrouds  can  be  kept  positive  to  increasingly  higher 
Mach  numbers  as  the  propeller  loading  is  increased. 
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(Continued) 

3.  The  ratios  of  net  to  propeller  thrust  at  M  =  0  are  generally  within  2  or  3%  of 
the  value  predicte  by  simple  one  dimensional  monentum  theory,  which  states 
that  TNErp/T  =  2a4/A2. 

4.  It  is  difficult  to  evaluate  the  shroud  friction  drag  from  the  shroud  surface 
pressure  distributions.  Some  positive  results  have  evolved  xrom  efforts  to 
do  this  and  have  yielded  reasonable  generalisations  of  the  shroud  friction 
drags. 

5.  The  static  pressures  at  the  shroud  exit  plane  are  generally  greater  than  the 
atmospheric  static  pressure.  From  this  it  is  concluded  that  the  slipstream 
contracts  downstream  of  the  shroud  exit. 

6.  The  pressure  measurements  are  sufficiently  accurate  to  determine  the  pro¬ 
peller  thrust  gradients  but  not  the  propeller  power  gradients. 

7.  The  experimental  data  obtained  in  this  program  is  sufficient  to  allow  the 
selection  of  the  shroud  and  propeller  variables  for  efficient  performance. 

8.  Sufficient  data  was  obtained  to  aid  in  the  development  of  a  performance  pre¬ 
diction  method  in  Phase  HI  of  this  contract. 

9.  Aerodynamically  the  performance  of  the  X-22A  can  be  improved  for  some 
flight  conditions  by  changes  in  the  shroud  shape  and  propeller  characteristics. 
(See  Appendix  12. 6) 
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RECOMMENDATIONS 

Based  on  the  test  results  the  following  recommendations  may  be  made: 

1.  Shrouds  with  lip  thickness  to  diameter  ratios  less  than  0. 10  should  be  tested 
in  attempt  to  improve  high  speed  performance.  These  shrouds  should  be  test¬ 
ed  in  small  increment  thickness  changes  so  that  the  thickness  at  which  the  low 
speed  performance  begins  to  decrease  can  be  determined. 

2.  Shrouds  with  chord  to  diameter  ratios  less  than  0.50  should  be  tested.  This 
test  should  be  made  compatible  with  the  lip  thickness  shroud  test  employing 
both  0.10  and  thinner  lip  to  diameter  ratios. 

3.  Further  tip  clearance  tests  should  be  conducted  to  evaluate  the  increased  high 
Mach  number  performance  that  was  observed  for  the  maximum  clearance  in 
this  test  program.  This  test  program  should  be  planned  so  that  both  the 
clearance  to  diameter  and  clearance  to  propeller  tip  chord  can  be  evaluated. 

4.  Additional  testing  should  be  conducted  to  further  evaluate  the  effect  of  the 
number  of  propeller  blades  and  to  evaluate  the  effect  of  propeller  solidity. 

The  number  of  biades  should  be  varied  from  three  to  thirteen  with  total  activ¬ 
ity  factors  ranging  from  500  to  2000. 

5.  An  experimental  program  should  be  conducted  wherein  the  effect  of  centerbody 
shape  and  size  on  performance  is  evaluated.  This  should  include  rotating  and 
non-rotating  spinners.  The  aerodynamic  loads  on  the  centerbodies  should  be 
measured  separately  from  the  shroud  and  propeller  forces. 

6.  The  effect  of  the  propeller  test  rig  blockage  on  performance  should  be  deter¬ 
mined.  This  could  be  conducted  as  a  part  of  the  centerbody  evaluating  ex¬ 
perimental  program  in  recommendation  number  5. 

7.  A  test  program  should  be  conducted  to  evaluate  the  effect  of  inlet  guidevanes 
and  swirl  recovery  vanes  on  performance.  These  vanes  should  be  designed 
to  straighten  the  flow  leaving  the  shroud.  Several  sets  of  vanes  should  be 
tested  which  are  designed  for  different  test  conditions  and  for  different  propel¬ 
ler  solidities. 

8.  A  test  program  should  be  conducted  on  shrouded  propellers  at  inflow  angles 
other  than  zero  to  extend  the  range  of  these  data. 
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DESCRIPTION 


o 


General  Description  of  Test  Program 


la  order  to  attain  the  objectives  of  this  program,  a  parametric  series  2. 5  foot  diameter 
shrouded  propeller  models  v,ere  tested  from  near  static  velocities  to  a  Mach  number 
of  0.5  over  a  range  of  propeller  power  loadings  and  tip  speeds.  These  models  incor¬ 
porated  interchangeable  shroud  lips,  exit  sections  and  propellers  so  that  the  effect  of 
a  variable  shape  change  in  either  shroud,  propeller,  or  shroud-propeller  combination 
could  be  investigated.  Only  those  shape  variables  deemed  to  have  a  major  influence 
on  shroud-propeller  performance  were  chosen  for  testing. 

The  shroud  shape  variables  investigated  in  this  program  consisted  of  lip  shape,  area 
ratio,  chord  length,  exterior  shape,  vanes,  and  propeller  position  within  the  shroud. 
The  propeller  shape  variables  included  planform,  number  of  blades  and  tip  clearance. 
Each  of  the  shroud  variables  could  have  been  investigated  with  each  of  the  propeller 
variables.  However,  this  would  have  resulted  in  a  prohibitively  large  test  program. 

It  was  therefore  necessary  to  select  one  propeller  to  investigate  all  the  shroud  varia¬ 
bles  and  then,  similarly,  select  one  shroud  to  investigate  all  the  propeller  variables. 

Each  shroud-propeller  model  was  tested  in  the  United  Aircraft  Research  Laboratories 
18  foot  low  speed  and  8  foot  high  speed  wind  tunnel  test  facility  on  the  United  Aircraft 
propeller  test  rig.  All  the  low  speed  testing  was  accomplished  in  the  18  foot  throat 
which  allows  testing  from  an  Mach  number  of  0. 02  to  a  Mach  number  of  0. 2.  The  high 
speed  testing  was  accomplished  in  the  8  foot  throat  which  allows  testing  from  a  Mach 
number  of  0.2  to  a  Mach  number  of  0.5.  This  facility,  shown  in  figure  1,  is  capable 
of  higher  Mach  numbers,  but  the  mechanical  flexibility  of  the  shroud  support  system 
limited  testing  to  a  Mach  number  of  0.5. 

Each  shroud-propeller  model  was  tested  on  the  propeller  test  rig  over  a  sufficient 
range  of  blade  angles  and  tip  speeds  to  define  the  effect  of  each  variable  change  over 
a  range  of  power  loadings  appropriate  for  both  low  and  high  speed  flight  conditions.  At 
each  test  point,  shroud  and  propeller  forces  were  measured  through  the  use  of  an  in¬ 
tegral  strain-gaged  thrust  and  torque  system  in  the  propeller  test  rig  and  a  strain- 
gaged  shroud  force  system  consisting  of  Baldwin-Lima-Hamilton  load  ceils.  The  ro¬ 
tational  speed  of  the  propeller  was  measured  by  a  Berkely  EPUT  meter  and  signal 
generator.  In  addition,  velocities  and  pressures  were  measured  in  and  around  the 
shrouds.  A  typical  shroud  installed  on  the  test  rig  is  shown  in  figure  2. 

Two  types  of  data  were  obtained  in  this  test  program.  The  first  is  the  force  data  which 
consisted  of  measured  reactioi:  forces  on  the  shroud  and  propeller.  The  second  io  the 
pressure  and  velocity  data  in  which  velocities  and  pressures  in  the  shroud  inlet  and 
exit,  as  well  as  shroud  surface  static  pressures,  were  measured.  Particular  care 
was  taken  to  make  sure  that  the  force  and  pressure  testing  did  not  interfere  with  each 
other  by  conducting  the  pressure  testing  entirely  separately  from  the  force  testing. 

This  eliminated  any  drag  on  the  shroud  force  measuring  system  due  to  the  large  bundle 
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(Continued) 

of  tubing  required  to  measure  the  shroud  surface  pressures. 

All  of  tnese  force  and  pressure  data  were  reduced  to  either  coefficient  or  parametric 
forms  which  can  be  easily  compared.  One  shroud -propeller  model  was  chosen  as  the 
base  or  "yardstick"  against  which  the  effect  of  a  parameter  change  could  be  compared. 
In  addition  some  of  the  velocity  and  pressure  data  were  plotted  and  analyzed  to  corre¬ 
late  changes  in  the  force  data  with  observed  chinges  in  the  shroud  velocities  and  pres¬ 
sures. 

In  the  following  section,  the  reasons  for  the  selection  of  these  variables,  the  aerody¬ 
namic  design  of  the  variables,  and  a  brief  discussion  of  the  test  equipment  and  methods 
will  be  presented.  A  detailed  description  of  the  test  models,  test  equipment,  location 
and  size  of  the  test  equipment  is  contained  in  volume  n  of  this  report. 

Model  Notation 


In  order  to  describe  the  shroud-propeller  models  simply,  it  was  necessary  to  devise 
an  adequate  shorthand  notation.  The  notation  used  is  contained  in  Table  I  below  for  the 
shrouds.  Figures  3  and  4  present  sketches  of  these  shroud  shapes. 


TABLE  1 


SHROUD 

NOTATION 

LIP  TYPE 

PROP/CHORD 

LOCATION 

AREA  RATIO 

CHORD  LENGTH 
INCHES 

DIFFUSER 

TYPE 

B 1 

LIP  1 

0.4C 

1.1 

20 

BASIC 

B2 

LIP  2 

0.4C 

1.1 

20 

BASIC 

B3 

LIP  I 

0.4C 

1.2 

20 

BASIC 

BA 

LIP  1 

0.4C 

1,3 

20 

BASIC 

B5 

LIP  1 

0.25C 

1.1 

?.o 

BASIC 

B6 

LIP  1 

0.4C 

1.1 

20 

SERIES  16 

B7 

LIP  1 

0.4C 

1.1 

15 

BASIC 

In  a  similar  manner,  the  propeller  configurations  can  be  described  by  referring  to  the 
tip  shape  and  number  of  blades  in  each  propeller.  This  designation  is  contained  in 
Table  II  below.  A  photograph  of  the  blades  is  shown  in  figure  7. 


VI- 2 


Hamilton 

Standard 


U 

0»V««*  O*  UMTtO  AI»C*A*T  COW**OftATO>< 

G« 


HSEK  4348 


(Continued) 


TABLE  11 


BLADE  DESIGNATION 

NUMBER  OF  BLADES 

TIP  SHAPE 

3R 

3 

RECTANGULAR 

3WT 

3 

WIDE  TIP 

3NT 

3 

NARROW  TIP 

4NT 

4 

NARROW  TIP 

With  this  notation  therefore,  a  shroud-propeller  configuration  can  be  described  as: 

B1-3WT 

(which  is  a  shroud  with  Lip  1,  1.1  area  ratio  and  a  20”  chord  and  a  three  bladed,  wide 
tip  propeller). 

This  notation  is  used  in  presenting  the  data  in  Volume  I  of  this  report. 

The  UAC  model  notation,  as  contained  in  Volumes  n,  m  and  IV  of  this  report,  differs 
from  the  Hamilton  Standard  notation  previously  described.  The  correlation  of  the 
Hamilton  Standard  and  UAC  notation  is  contained  in  Table  HI  below. 

TABLE  IH 


HS  NOTATION 

UAC  NOTATION 

B 1 

L1C1E1 

B2 

L2C1E1 

B3 

LX1E2 

B4 

L1C1E3 

B5 

L1C2E1 

B6 

L1C1E4 

B7 

LiscCiscE  isc 

3R 

B3PR 

3WT 

B3PWT 

3NT 

B3PNT  j 

4NT 

B4PNT  1 
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slightly  modified  pitch  distributions  to  vary  the  circulation  distributions  along  the 
blade  were  tested.  These  blades  are  shown  in  figure  7a,  b  and  c. 

Tip  Clearance 

Because  of  manufacturing  tolerances  and  mounting  flexibility  of  the  shroud  and  propel¬ 
ler,  clearance  must  be  left  between  the  propeller  blade  tip  and  the  shroud  inner  surface. 
Most  references  indicate  that  this  clearance  should  be  kept  to  a  minimum  in  order  to 
maximize  shroud-propeller  performance.  Three  tip  clearances  were  investigated  in 
this  program  corresponding  to  approximately  1/4,  Ify  and  1  percent  of  the  propeller 
diameter  with  the  maximum  clearance  representing  an  easily  obtained  design  tolerance 
for  this  type  of  hardware. 

Number  of  Blades 


Present  design  methods  for  shrouded  propellers  define  only  the  total  propeller  solidity 
required  for  a  given  operating  condition  and  do  not  explicity  indicate  the  number  of 
blades  required  to  obtain  that  solidity.  However,  theory  indicates  that  the  flow  period¬ 
icity  induced  by  the  blades  could  significantly  influence  shroud  pressure  distribution 
and  therefore  shroud  performance. 

To  investigate  the  effect  of  number  of  blades,  both  a  3  bladed  and  a  4  bladed  propeller 
of  the  same  total  solidity  were  included  in  this  test  program.  Both  propellers  incorpor¬ 
ated  trapezoidal  planform  blades  as  indicated  in  figure  7d  with  the  3  way  blade  25%  wider 
than  the  4  way  blade.  All  of  the  other  shape  parameters  for  both  propeller  blades  were 
the  same. 

Shroud  Variables 


Shroud  Exit  Area 

The  ratio  of  the  open  area  at  the  exit  of  the  shroud  to  the  open  area  at  the  propeller  plane, 
theoretically  affects  shroud  thrust  at  static  and  near  static  conditions  as  can  be  seen  from 
the  theoretical  relationship,  thrust  total  =  2x  area  ratio  x  propeller  thrust  as  contained  in 
Reference  1.  However,  the  increased  induced  mass  flow  and  diffuser  drag  adversely  affect 
cruise  performance,  which  implies  an  optimum  magnitude  of  area  ratio,  dependent  on  the 
design  operating  condition.  Prior  testing  has  indicated  that  an  area  ratio  of  1. 0  and  pos¬ 
sibly  less  would  provide  optimum  high  speed  cruise  performance  but  relatively  poor  sta¬ 
tic  thrust  performance.  On  the  other  hand,  data  also  indicate  that  an  area  ratio  of  1.4 
could  give  high  r  iatic  thrust  performance  with  correspondingly  poor  high  speed  perform¬ 
ance.  Accordingly,  area  ratios  of  1. 1,  1. 2  and  1. 3  were  investigated  in  this  program.  It 
was  anticipated  that  somewhere  within  this  range  of  area  ratios,  a  good  compromise  be¬ 
tween  high  static  thrust  and  good  high  speed  performance  could  be  effected.  Sketches  of 
these  shrouds  are  shown  in  figures  3  and  4. 


VII-2 


W«*5  'it 


Hamilton 

Standard 


U 

CXVISOM  OF  ONITIO  AIRCRAFT  CORPORATION 

R® 


(Continued) 


HSER  4348 


Shroud  Lip  Shape 

Shroud  thrust  is  developed  primarily  by  accelerated  flow  induced  by  the  propeller  which 
generates  a  reduced  static  pressure  on  the  inlet  lip.  This  reduced  lip  pressure  tends 
to  produce  an  adverse  pressure  gradient  with  respect  to  the  boundary  laver  along  the 
inside  shroud  surface  between  the  shroud  inlet  and  the  propeller  plane.  Thus,  improper 
design  of  the  inlet  lip  can  result  in  separation  of  the  boundary  layer  from  the  inside  sur¬ 
face  of  the  shroud  with  resultant  loss  in  both  shroud  and  propeller  thrust.  Therefore, 
it  is  apparent  that  the  shroud  lip  shape  is  the  single  most  critical  element  in  the  design 
of  a  shroud  in  that  it  must  support  high  loadings  without  separation  at  static  conditions 
and  yet  must  be  thin  enough  to  minimize  drag  in  high  speed  flight  conditions. 


In  this  Phase,  two  lips  were  tested.  These  lips  were  designed  to  be  suitable  for  both 
high  and  low  speed  flight.  The  configurations  of  these  lips,  which  are  very  similar, 
are  shown  as  shrouds  B1  and  B2  in  Figure  4  and  in  Figure  3  with  the  area  ratio  1. 1 
shroud. 

Diffuser  Exterior  Shape 

During  the  course  of  the  design  analysis  of  the  shroud  exterior  contours,  it  became 
apparent  that  the  exterior  shape  of  the  diffuser  could  significantly  effect  the  performance 
of  a  shroud-propeller  combination.  Accordingly  this  variable  was  added  to  the  test  pro¬ 
gram. 


This  addition  included  building  and  testing  a  fourth  diffuser  section  which  had  the  exter¬ 
ior  shape  of  the  rear  half  of  a  Series  16  airfoil.  This  is  indicated  as  shroud  B6  in 
Figure  4.  The  effect  of  using  this  section  can  be  seen  by  comparing  shroud  B6  with 
B1  which  has  the  same  area  ratio  and  lip  shape  as  shroud  B6  or  by  comparing  the  sketcli- 
es  of  Figure  3, 


Shroud-Chord  to  Diameter  Ratio 


The  shroud  chord  must  be  large  enough  to  permit  fully  developed  shroud  thrust  at  static 
conditions  and  p?rovide  adequate  lift  for  those  applications  where  the  shroud  is  used  as  a 
ring  wing.  Yet  the  shroud  must  be  as  short  as  possible  to  avoid  excessive  drag  in  cruise 
operation.  However,  as  the  shroud  becomes  shorter,  the  diffuser  angle  for  a  given  area 
ratio  becomes  larger,  but  this  angle  must  be  kept  as  small  as  possible  to  avoid  diffuser 
separation.  Therefore,  two  shroud  chord  to  diameter  ratios  were  tested.  The  larger 
of  these,  .  667,  permits  low  diffuser  angles  up  to  and  including  an  area  ratio  of  1. 3.  The 
smaller  one,  .  5  incorporates  the  shortest  shroud  which  can  be  utilized  without  going  to 
large  diffuser  angles  at  relatively  low  area  ratios. 
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Propeller  Location 


I  The  location  of  the  propeller  within  the  shroud  may  have  an  important  effect  on  perform¬ 

ance  and  on  propeller  blade  structure  when  the  shroud  is  inclined  to  the  flight  direction. 

I  In  general,  it  is  expected  that  the  largest  circumferential  and  radial  variations  in  velocity 

[  at  the  propeller  disk  under  yawed  conditions  will  occur  with  the  shortest  shroud  length 

ahead  of  the  propeller  as  the  shroud  tends  to  straighten  the  inflow  into  the  propeller. 

|  Accordingly,  two  propeller  locations  were  investigated  in  this  phase.  One  location  was 

at  25%  of  the  chord  from  the  leading  edge  and  the  other  location  was  at  40%  of  the  chord 
!  distance  from  the  shroud  leading  edge. 


Exit  and  Inlet  Guide  Vanes 


In  this  test  program  all  the  models  could  be  tested  without  inlet  or  exit  vanes  because 
of  the  unique  shroud  support  system  used.  However,  it  is  realized  that  in  the  practical 
sense,  some  provision  must  be  made  to  keep  the  centerbody-propeller  unit  at  a  fixed 
distance  from  the  shroud  internal  surface.  The  conventional  means  of  doing  this  is 
through  a  vane  support  system.  To  determine  the  effect  of  a  vane  support  system  on 
performance,  one  set  of  inlet  and  one  set  of  exit  vanes  were  tested  on  the  Bl  shroud. 

7\  ^  Design  Considerations 
Shrouds 


Two  analytical  methods  were  used  to  establish  the  shroud  shapes  that  were  investigated 
this  pliase*  The  Therm  performance  prediction  method  (Reference  2)  was  used  to 
determine  the  shroud  velocity  distributions  and  shroud  performance  at  forward  flight 
conditions  and  the  Von  Neumann  potential  flow  calculation  method  (Reference  3)  was  used 
to  determine  shroud  lip  pressure  and  velocity  distributions  at  static  operation.  Since 
a  design  requirement  for  good  propeller  and  shroud  efficiency  is  that  no  flow  separation 
occur  on  the  shroud  lip,  velocity  distribution  from  both  of  these  methods  were  then  used 
n  a  boundary  layer  calculation  procedure,  to  assure  that  flow  separation  would  not  occur 
on  any  shroud  configuration  included  in  this  test  program.  These  calculation  methods 
were  programmed  on  the  IBM  7090  high  speed  computer  permitting  the  rapid  evaluation 
of  a  large  number  of  shroud  configurations.  Thus  numerous  sh-oud  shapes  were  anaM- 
icaJy  investigated  to  establish  the  optimum  configuration.  Among  the  shroud  shapes'* 
studied,  several  incorporated  airfoil  shapes  commonly  used  for  aircraft  wings  and  pro¬ 
peller  blades.  In  particular,  the  NACA  four  digit,  Series  6  and  Series  16  airfoil  families 
were  investigated.  Each  of  these  families  has  at  least  one  characteristic  which  would 
make  it  suitable  for  a  shroud  profile.  For  example,  the  four  digit  airfoil  family  with 
its  mrge  leading  edge  radius  has  a  favorable  pressure  distribution  necessary  to  avoid 
ip  separation;  the  Series  6  airfoil  family  exhibits  low  minimum  drag  coefficients  and 
high  critical  Mach  numbers;  and  the  Series  16  airfoil  family  has  the  highest  critical 
Mach  numbers  of  any  currently  available  airfoil  family.  In  order  to  take  full  advantage 
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of  these  favorable  characteristics,  some  of  the  shroud  profiles  investigated  were  com¬ 
binations  of  these  airfoil  families,  i.  e. ,  the  tail  of  a  Series  6  airfoil  might  be  joined  to 
the  nose  of  a  four  digit  airfoil,  etc. 


These  investigations  led  to  the  conclusion  that  no  one  airfoil  family  was  ideally  suited 
for  use  as  a  shroud  shape.  For  instance,  the  Series  16  airfoil  family  has  high  critical 
Mach  numbers,  but  an  adverse  shroud  lip  pressure  distribution  because  of  this  family's 

small  leading  edge  radius.  Likewise,  each  of  the  other  airfoil  families  has  at  least 
one  desirable  characteristic  when  utilized  as  a  shroud  profile.  In  addition,  it  was 
found  necessary  to  modify  the  portion  of  the  airfoil  surface  in  the  propeller  plane  in 
order  to  maintain  a  uniform  blade  tip  clearance  across  the  blade  width.  Following 
these  preliminary  investigations  the  final  study  was  concentrated  on  shroud  lips  that 
consisted  of  analytically  determined  section  shapes.  The  lip  shape  chosen  for  this 
test  program  follows  the  following  mathematical  equation 


y  =  .2065  ^52.75-(3.75-X)3  +  (3.75-X)3  (.028457)  j  +1.5 


l*  =  1  for  lip  1 
b  3 

£  =  1  for  lip  2 
b  6 


where 

o 


These  lip  shapes  were  previously  analytically  studied  In  Reference  4. 


One  important  result  of  the  study  conducted  to  define  the  lip  shapes  for  this  test  pro¬ 
gram  was  that  the  shroud  lip  section  thickness  as  measured  at  the  propeller  plane 
should  be  at  least  ten  percent  of  the  propeller  diameter  in  order  to  avoid  separation 
at  static  conditions.  With  the  shroud  thickness  fixed,  two  lip  shapes  were  finsily 
chosen  for  the  wind  tunnel  test.  The  first,  or  lip  1,  was  conservative^  chosen  to 
avoid  separation  in  either  static  or  cruise  operation.  A  very  cursory,  visual  tuft 
study  conducted  in  the  18- foot  tunnel  did,  indeed,  indicate  no  evidence  of  separation. 
The  second  lip  was  aimed  at  increasing  the  critical  Mach  number  of  the  shroud.  In 
order  to  accomplish  this,  it  was  necessary  to  make  the  leading  edge  radius  of  the 
shroud  smaller  and  therefore  more  susceptible  to  lip  separation. 

With  lip  number  l  as  the  basic  inlet,  several  different  diffuser  shapes  were  considered 
in  order  to  determine  the  most  desirable  shroud  cross-section  shape  for  a  given  area 
ratio.  The  internal  surface  distribution  of  the  diffuser  was  determined  by  the  area 
ratio  desired  between  the  plane  of  the  propeller  and  the  shroud  exit.  A  straight  line 
was  then  drawn  from  the  straight,  cylindrical  portion  of  the  internal  surface  at  the  pro¬ 
peller  plane  to  the  shroud  exit. 


MI- 5 


Hamilton 

Standard 


U 

CMVtSXX  O*  UMTCO  AtftCftAFT  CO»^0«ATlON 

PU 


HSER  4348 


(Continued) 

These  diffuser  studies  indicate  that  diffuser  sections  modified  from  the  rear  portion  of 
Series  6  airfoils  and  representative  of  current  state-of-the-art,  as  investigated  in  pre¬ 
vious  wind  tunnel  tests,  yield  good  static  and  high  speed  performance.  However,  these 
studies  also  indicated  that  shrouds  with  diffuser  sections  consisting  of  the  rear  halves 
of  Series  16  oirfoils  were  capable  of  improved  performance  at  some  flight  conditions. 
Because  of  the  uncertainty  of  the  absolute  levels  of  performance  indicated  by  present 
analytical  methods,  it  was  decided  that  the  basic  diffusers  should  incorporate  exterior 
shapes  representative  of  the  current  state-of-the-art  flight  hardware.  However,  an 
additional  diffuser  consisting  of  the  rear  half  of  a  Series  16  airfoil  was  included  in  the 
test  program  to  investigate  its  potential. 

The  characteristics  of  these  various  shrouds  are  shown  in  Figures  5  and  6.  As  can 
be  seen  from  these  figures,  the  shape  of  the  shroud  mean  camber  line  is  primarily 
a  function  of  the  desired  lip  shape  and  shroud  exit  area  ratio  with  the  larger  exit 
area  ratio  causing  the  most  deviation  from  what  may  be  considered  a  normal  airfoil 
type  of  camber  line  slope. 

The  vane  configurations  for  this  test  program  were  selected  after  careful  consideration 
of  such  factors  as  drag,  position,  angle  of  attack  and  function.  These  vanes  were  in¬ 
cluded  as  support  members  only  and  were  not  intended  to  add  or  remove  any  swirl  from 
the  flow  through  the  shroud.  These  considerations  led  to  the  selection  of  a  ten  percent 
thick,  symmetrical,  Series  16  airfoil  section  for  the  vane  cross-section  shape  and  a 
constant  vane  width.  The  number  of  vanes  (5)  was  chosen  so  as  to  not  to  aerodynamically 
excite  either  the  three  or  four  bladed  propeller.  The  position  of  the  vanes  within  the 
shroud  was  chosen  to  avoid  any  possibility  that  the  vanes  would  trigger  separation  on 
either  the  shroud  lip  or  diffuser  section. 

Propellers 


Planform  Distribution 


With  the  shroud  internal  flow  fields  defined  by  either  the  Hamilton  Standard  three-dim¬ 
ensional  shrouded  propeller  performance  prediction  method  or  the  Von-Neumann  poten¬ 
tial  flow  calculation  method,  the  aerodynamic  characteristics  of  the  propeller  blade  con¬ 
figurations  were  determined.  The  objective  was  to  define  a  series  of  three  propeller 
designs  which  differed  in  blade  radial  circulation  distribution  and  yet  gave  essentially 
the  same  calculated  performance  at  the  design  conditions.  In  this  manner,  the  effect 
of  blade  circulation  distribution  on  shroud  performance  could  be  evaluated  from  the 
wind  tunnel  test  data. 

As  prime  design  points,  velocities,  power  coefficients  and  advance  ratios  were  chosen 
which  are  representative  of  a  design  static  and  cruise  operating  condition  of  the  current 
Bell  X-22  flight  tent  vehicle  incorporating  shrouded  propellers.  This  resists  in  an 
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SHP/D^  x  fyp  of  16  for  the  zero  velocity  condition  and  12  for  a  M  =  0. 338  case.  On 
the  basis  of  the  aerodynamic  design  study,  a  three  way  propeller  incorporating  blades 
of  168  activity  factor  and  an  integrated  design  camber  of  0.400  was  selected  to  meet 
these  design  points. 


As  stated  previously,  the  performance  of  a  propeller  within  a  shroud  is  very  intimately 
associated  with  the  performance  of  the  shroud  itself.  The  flow  field  induced  by  an 
operating  propeller  determines  the  pressure  distribution  on  the  shroud  surface  and, 
correspondingly,  the  flow  field  generated  by  the  internal  surface  distribution  of  the 
shroud  influences  the  propeller  performance.  Accordingly,  each  specific  shroud 
shape  should  have  a  propeller  designed  for  the  flow  field  induced  by  that  shroud  shape. 

It  is  readily  apparent,  considering  the  large  number  of  shroud  shapes  investigated  in 
this  Phase,  each  with  its  own  flow  field  for  a  given  operating  condition,  that  this  would 
have  required  the  design  and  testing  of  a  prohibitively  large  number  of  propeller  blade 
designs.  For  example,  the  mass  flow  and  flow  distribution  of  the  1. 3  area  ratio  shroud 
is  different  than  that  of  the  1.1  area  ratio  shroud  for  a  given  velocity  and  horsepower  in¬ 
put  into  the  propeller.  Obviously,  a  propeller  designed  specifically  for  an  area  ratio 
of  1. 3  would  have  slightly  different  characteristics  than  a  propeller  designed  for  an 
area  ratio  of  1. 1.  Therefore,  one  shroud  shape  was  chosen  as  the  basic  design  and 
its  flow  field  was  used  to  design  the  propeller  blades  used  In  this  phase.  This  shroud 
jhape  has  an  area  ratio  of  1. 1,  a  chord  to  propeller  diameter  ratio  of  0. 667,  a  propel¬ 
ler  location  at  40%  of  the  shroud  chord,  and  a  shroud  lip  section  thickness  to  propeller 
diameter  ratio  of  0. 10  as  shown  in  Figure  4  as  Bi. 


With  this  basic  shroud  configuration,  a  series  of  three  propellers  with  the  same  activ¬ 
ity  factor,  camber,  and  number  of  blades  were  designed.  The  first  of  these  was  a  rec¬ 
tangular  planform  blade,  designed  to  give  the  best  performance  at  the  previously  men¬ 
tioned  design  points.  This  blade  design  resulted  in  a  specific  distribution  of  circula¬ 
tion  along  the  blade  radius  as  defined  by  the  performance  prediction  method.  The 
characteristics  of  this  blade  (3R)  are  shown  in  Figures  8  and  9  and  the  circulation 
distribution  is  shown  in  Figure  10. 


With  the  rectangular  blade  plf.nform  as  a  base,  the  circulation  distribution  was  first 
varied  by  increasing  the  blade  tip  width  and  twist  to  get  a  desired  nominal  variation 
in  blade  circulation.  These  changes  in  the  base  blade  are  reflected  as  3WT  in 
Figures  8  and  9. 


The  objective  of  the  third  blade  design  was  to  reduce  the  circulation  at  the  blade  tip. 
This  was  done  by  reducing  the  blade  tip  width  and  adjusting  the  blade  twist  distribution 
until  the  desired  nominal  level  of  circulation  was  reached.  These  changes  are  also 
reflected  as  3NT  in  Figures  8  and  9.  Thus,  with  these  three  propellers,  differing  in 
circulation  distribution,  the  effect  on  shroud-propeller  performance  could  be  analyzed 
from  the  wind  tunnel  data. 
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This  change  in  circulation  distribution  as  previously  mentioned,  is  accompanied  with  a 
change  in  the  induced  velocity  near  the  tip  of  the  blade.  This  velocity  when  added  to  the 
flow  field  of  the  shroud  must  be  such  that  the  shroud  does  not  separate.  Conversely,  a 
thin  shroud  with  a  marginal  pressure  gradient  with  regard  to  boundary  layer  separation 
near  the  propeller  plane  could,  theoretically,  be  helped  by  increasing  the  circulation  and 
induced  velocity.  However,  present  shroud-propeller  analytical  design  methods  do  not 
explicitedly  define  how  the  shroud  boundary  layer  and  propeller  tip  circulation  inter-act 
nor  do  they  define  the  resultant  pressure  distribution  on  the  shroud  surface,  which  is  an 
important  consideration  in  determining  boundary  layer  separation.  Therefore,  this 
information  must  be  obtained  in  a  test  program. 

Number  of  Blades 


Present  shrouded  propeller  design  methods  primarily  specify  only  the  total  propeller 
solidity  required  for  a  given  operating  condition.  These  methods  do  not  specify  how 
this  solidity  should  be  obtained.  For  example,  if  a  total  solidity  of  600  is  specified, 
this  may  be  arrived  at  with  a  three-bladed  propeller  with  each  blade  having  a  solidity 
of  200  or  a  four-bladed  propeller  with  each  blade  having  a  solidity  of  150  or  with  a 
six-bladed  propeller  with  each  blade  having  a  solidity  of  100.  Theoretically,  each  of 
these  propellers  should  perform  in  the  same  manner. 

In  r  ddition,  it  is  known  that  the  passage  of  each  blade  tip  past  a  fixed  point  within  the 
shroud  produces  a  momentary  rise  and  fall  in  the  static  pressure  at  that  point.  This 
is  illustrated  in  Figure  11  which  is  a  trace  of  the  pressure  variation  on  the  shroud  sur¬ 
face  as  recorded  by  electrical  pressure  transducers  located  immediately  upstream  of 
the  propeller  plane  of  rotation.  It  was  observed  as  expected  that  for  one  revolution  of 
the  propeller,  three  distinct  pressure  peaks  and  valleys  were  recorded  by  the  trans¬ 
ducer  for  a  three  bladed  propeller.  The  frequency  and  amplitude  of  these  pressure 
fluctuations  become  important  considerations  in  the  design  of  a  shroud  in  that  they 
must  not  create  adverse  pressure  gradients  on  the  shroud.  In  a  separate  phase  oi 
this  program  the  harmonic  content  of  these  instantaneous  pressure  fluctuations  will 
be  analyzed  to  determine  its  effect  on  shroud  performance. 

In  order  to  provide  a  variation  in  the  frequency  and  amplitude  of  the  pressure  fluctua¬ 
tion  and  in  order  to  provide  an  indication  of  the  effect  of  number  of  blades  on  shroud- 
propeller  performance,  a  four-bladed  propeller  was  included  in  the  test  program. 

This  was  accomplished  by  scaling  down  the  three-way,  narrow  tip  propeller  to  a  four- 
bladed  propeller  of  the  same  total  solidity. 


7. 2  Test  Equipment 


The  experimental  test  program  reported  herein  was  conducted  in  the  UAC  subsonic  wind 
tunnel  test  facility.  The  UAC  subsonic  wind  tunnel  shown  in  figure  1  is  a  single  return, 
closed  throat  facility  having  either  an  8  foot  or  an  18  foot  octagonal  test  section.  The 
18  foot  test  section  is  part  of  the  fixed  tunnel  structure  while  the  8  ft.  test  section  is  a 
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movable  cart  which  inserts  into  the  18  foot  section.  The  18  foot  section  is  a  low  speed 
facility  that  may  be  operated  at  velocities  as  high  as  200  MPH,  The  8  foot  test  section 
free  from  supports  and  model  s  and  with  special  wall  inserts  may  be  operated  at  Mach 
numbers  as  high  as  (195,  However,  for  the  present  series  of  tests,  shroud  support  sys¬ 
tem  flexibility  restricted  the  bulk  of  the  testing  to  Mach  numbers  of  0.  5  and  less.  Tolal 
pressure  in  the  tunnel  is  atmospheric  since  the  circuit  is  vented  to  the  atmosphere  in 
the  return  circuit  through  air  exchangers  which  also  allow  a  means  of  controlling 

stagnation  temperature. 


7. 2b  The  propeller  dynamometer  consists  of  two  variable-speed  motors  mounted  in  a  tandem 
configuration  within  a  slender  streamlined  body.  The  variable-speed  motors  are  cou¬ 
pled  together  and  provide  a  maximum  torque  of  330  ft-lbs  through  a  speed  range  up  to 
12, 000  rpm.  The  motors  are  mounted  on  hydrostatic  bearings  to  provide  restraint  to 
all  motion  except  axial  motion  along,  and  rotational  motion  about,  the  longitudinal  axis 
of  the  dynamometer.  These  motions  are  restrained  by  load  cells  which  measure  thrust 
and  torque  of  the  model  propeller.  The  rotational  speed  of  the  propeller  is  measured  by 
a  Berkley  EPUT  meter  and  signal  generator.  In  this  test  a  special  nose  was  fabricated 
for  the  propeller  test  rig.  This  nose  allowed  the  transfer  of  the  propeller  plane  up¬ 
stream  and  further  away  from  the  body  of  the  test  rig.  In  addition  a  non- rotating,  sting- 
supported,  Series  1  spinner  was  designed  and  fabricated  for  use  directly  in  front  of  the 
rotating  hub.  The  sting  not  only  supports  the  spinner  but  also  allowed  a  convenient 
means  of  routing  the  pressure  leads  from  the  inlet  rake,  upstream  and  out  of  the  tunnel. 


A  strain-gage  Ji  shroud  force  measuring  system  consisting  of  Baldwin- Lima- Hamilton 
load  cells  was  attached  to  the  outside  cowl  of  the  propeller  test  rig  as  shown  in  figure 
13.  The  exact  details  of  the  shroud  force  measuring  system  i.e. ,  location  of  balances, 
direction  of  forces,  etc.  is  contained  in  Volume  II  of  this  report.  It  should  be  pointed 
out  that  this  shroud  system  is  independent  of  the  propeller  force  measuring  system. 
Prior  to  the  test  program,  extensive  calibrations  of  the  propeller  and  shroud  force 
measuring  systems  were  performed.  The  wind  tunnel  itself  was  calibrated  with  and 
without  a  shroud  model  to  determine  the  effects  of  the  shroud  on  tunnel  velocity  setting. 
These  calibrations  are  discussed  and  explained  in  Volume  II  of  this  report. 

The  testing  technique  in  both  throats  consisted  of  setting  up  a  particular  shroud-propel¬ 
ler  model  in  the  wind  tunnel  and  setting  the  blade  angle  of  the  propeller.  The  velocity 
of  the  tunnel  was  then  set  to  the  desired  level  and  the  propeller  rpm  varied  from  4500 
rpm  to  the  maximum  desired  for  that  configuration.  At  discrete  rpm  values  during  the 
run,  the  shroud  and  propeller  force  data  were  recorded.  Running  plots  of  these  data 
were  kept  and  any  obviously  out-of-line  points  were  repeated.  After  the  maximum  rpm 
point  had  been  reached,  a  new  wind  tunnel  velocity  was  set  and  the  rpm  excursion  re¬ 
peated  or  the  wind  tunnel  was  shutdown  and  a  new  blade  angle  set  and  the  process  re¬ 
peated.  This  procedure  was  repeated  until  all  the  blade  angle-mach  number  combina¬ 
tions  for  a  particular  configuration  were  completed  and  then  a  new  shroud-propeller 
configuration  was  installed  and  tested  in  a  similar  manner.  A  complete  run  schedule 
is  contained  in  Table  III  of  Volume  II.; 
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After  all  the  force  testing  had  been  completed,  the  tubing  required  to  measure  the 
shroud  pressures  was  installed,  and  shroud  surface  pressures  and  exit  velocities  were 
measured  for  a  selected  range  of  propeller  blade  angles,  rotational  speeds,  and  tunnel 
velocities.  This  method  of  testing  was  undertaken  to  insure  that  there  would  be  no 
interference  effects  on  the  shroud  force  measurements  from  the  considerable  bundle 
of  tubing  required  to  measure  the  shroud  surface  pressures.  This  tubing  was  exposed 
to  the  propeller  slipstream  -nd  could  have  caused  an  interference  with  the  shroud 
chord  force  readings  if  the  force  and  pressure  data  were  taken  simultaneously. 

In  addition  to  the  tunnel  and  shroud  and  propeller  test  instrumentation,  inlet  velocity 
and  exit  total  pressure  rakes  were  fabricated  and  installed  for  certain  pressure  meas¬ 
urements.  The  inlet  rakes  sensed  the  distribution  of  velocity  from  the  shroud  center- 
body  to  the  inner  surface  of  the  shroud  near  the  shroud  lip  and  directly  in  front  of  the 
propeller  plane  of  rotation.  The  exit  rake  consisted  of  25  Kiel  probes  located  at  the 
shroud  trailing  edge  and  extending  radially  from  the  centerbody  to  the  shroud  exit. 

This  rake  sensed  the  increase  or  decrease  in  total  pressure  at  the  shroud  exit. 

Also  utilized  was  a  remotely  operated  United  Sensor  and  Control  Corp  DAT-250  trav¬ 
ersing  probe  which  traversed  radially  outward  from  the  shroud  centerbody  at  the 
shroud  exit.  This  probe  sensed  yaw  and  pitch  angles,  total  and  static  pressures  and 
temperature.  All  of  these  quantities  were  measured  at  sufficient  radial  locations 
across  the  shroud  exit  to  completely  define  the  flow  at  this  location.  Although  the  bulk 
of  the  data  obtained  using  the  traversing  probe  is  for  conditions  at  the  shroud  exit,  a 
limited  amount  of  data  was  obtained  with  the  probe  in  a  position  immediately  downstream 
of  the  propeller  plane.  The  location  of  this  instrumentation  is  shown  in  figure  3. 

Instrumentation  also  included  transient  pressure  transducers  located  immediately  up¬ 
stream  of  the  propeller  on  the  inner  and  outer  surfaces  of  the  shroud.  The  purpose 
of  these  transducers  was  to  determine  the  characteristics  and  magnitude  of  the  harmonic 
content  of  the  shroud  surface  pressure  distribution  due  to  the  operation  of  the  propeller. 
This  information  is  to  be  used  in  the  development  of  a  calculation  method  under  Phase 
III  of  this  overall  program. 

Model  Construction 

The  shrouds  used  in  this  program  were  of  a  composite  wood  and  metal  construction 
with  the  lip  and  diffuser  sections  constructed  of  laminated  mahogany  rings.  These 
sections  were  attached  to  a  heavy  metal  support  ring  through  the  use  of  bolts.  Pro¬ 
visions  were  made  in  the  lip  and  diffuser  sections  for  surface  pressure  measurements 
at  two  azimuthal  locations  on  the  shroud.  The  comolexity  of  a  typical  shroud  is  shown 
in  figures  13  through  20.  The  complexity  of  these  shrouds  caused  some  problems 
during  the  course  of  testing.  First,  the  models  required  more  care  and  time  to  in¬ 
stall  and  change  configurations  than  had  been  anticipated  and  secondly,  on  three  oc¬ 
casions  one  of  the  shroud  assembly  bolts  woiked  its  way  loose  and  caused  considerable 
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damage  to  the  model  blades  as  can  be  seen  in  figure  21.  This  required  the  institution 
of  an  inspection  procedure  after  every  performance  run  to  insure  that  all  the  compo¬ 
nents  were  properly  fastened. 

The  model  propeller  blades  used  in  this  program  were  constructed  of  solid  aluminum 
with  the  exception  of  the  rectangular  planform  blades  which  incorporated  a  fiberglass 
tip.  These  tips  were  cut  down  in  planned  increments  to  investigate  the  effect  of  blade 
tip  clearance  on  shroud-propeller  performance.  This  method  was  chosen  after  careful 
consideration  of  other  mechanical  means  which  were  judged  to  be  too  costly  and  com¬ 
plex. 

Accuracy  of  Data 


Two  general  categories  of  data  were  obtained  in  this  test.  The  first  of  these  is  the 
source  data  in  which  the  loads  and  forces  generated  by  the  shroud  and  propeller  were 
measured  with  strain-gaged  load  cells.  The  second  category  is  the  pressure  data. 
These  pressure  data  can  be  broken  down  still  further  into  pressure  data  obtained  with 
rakes  and  the  traversing  probe  and  static  pressure  distributions  on  the  shroud  surface. 
The  force  data  was  recorded  by  visually  reading  the  output  of  the  force  system  and 
then  reducing  the  data  to  coefficient  form  on  an  LGP  30  desk-type  computer.  The  pres¬ 
sure  data  was  photographically  recorded  on  a  manometer  board  and  also  electrically 
recorded  through  pressure  transducers  and  stored  on  magnetic  tape.  The  taped  pres¬ 
sure  data  was  then  reduced  on  an  IBM  7090  computer  at  a  later  date. 

The  accuracy  of  the  force  measurements  based  on  a  statistical  analysis  of  the  data  is 
as  follows: 


TABLE  IV 
DATA  ACCURACY 


MEASUREMENT 

MEASURED 

VALUE 

COEFFICIENTS 5000  RPM 

PROPELLER  THRUST,  LBS 

±0.93 

±0.002  (CT) 

PROPELLER  TORQUE,  FT-LBS 

±0.54 

±0.002  (Cp) 

PROPELLER  RPM 

1  1 

±0.0002  (j) 

SHROUD  CHORD  FORCE,  LBS 

±  1.26 

±0.004  (Cc) 

PROPELLER  BLADE  ANGLE,  DEG. 

±  0.1 

TUNNEL  MACH  NUMBER 

±  0.005 

±  0.005  (J) 
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These  values  apply  to  all  the  data  taken  at  a  tunnel  test  Mach  number  of  0. 05  or  greater. 
However  at  tunnel  test  Mach  numbers  less  than  0. 05,  it  was  extremely  difficult  to  hold 
and  maintain  a  fixed  tunnel  velocity  during  a  performance  run  because  of  the  pumping 
action  produced  by  the  propeller  model  as  the  rpm  was  varied.  Therefore,  at  Mach 
number  of  0. 02  the  velocity  varied  by  as  much  as  ten  per  cent  during  a  performance 
run  from  low  to  high  rpm.  This  could  not  be  eliminated. 

The  first  category  of  pressure  data  is  the  static  pressure  distributions  on  the  shroud 
itself.  In  general  these  data  are  quite  accurate.  The  location  of  the  static  pressure 
taps  on  the  shrouds  was  controlled  to  within  ±  0. 010  of  an  inch. 

The  total  pressure  data  has  obtained  with  an  exit  rake.  This  rake  was  rigidly  attach¬ 
ed  to  the  propeller  test  rig  itself  so  that  it  could  not  interfere  with  the  force  measure¬ 
ments. 


The  inlet  rake  was  attached  to  the  spinner  which  in  turn  was  free  to  float  independent¬ 
ly  of  the  shroud  and  propeller  force  systems.  However,  in  order  to  keep  the  diameter 
of  the  instrumentation  sting  supporting  the  spinner  down  to  a  reasonable  value,  it  was 
necessary  to  use  small  diameter  tubing  leading  from  the  rake  to  the  pressure  read 
out  systems.  The  use  of  this  small  diameter  tubing  introduces  a  time  lag  between  a 
velocity  change  and  the  resulting  manometer  reaction.  It  was  noted  during  the  course 
of  the  testing  that  the  inlet  velocities  tended  to  increase  if  a  data  point  were  held  for 
a  period  of  two  or  three  minutes  and  would  reach  a  final  stabilized  value.  This  final 
value  was  at  times  as  much  as  10%  higher  than  the  initial  value.  To  have  waited  until 
the  values  stabilized,  would  have  required  an  additional  300  hours  of  testing.  Not 
enough  data  was  taken  to  permit  all  of  the  inlet  velocity  data  to  be  corrected  for  each 
test  data  point  presented  in  Volumes  III  and  IV.  The  inlet  velocities  measured  during 
the  traversing  probe  testing,  however,  do  not  have  to  be  corrected  as  considerable 
time  was  spent  on  each  probe  point.  This  time  allowed  the  measured  inlet  velocities 
to  reach  stabilized  values.  These  are  the  values  presented  in  the  comparison  made 
in  this  volume. 


It  is  difficult  to  tie  values  of  accuracy  to  the  traversing  probo  data  as  the  accuracy  is 
not  only  a  function  of  how  well  the  pressures  can  be  sensed  but  also  a  function  of  how 
accurately  the  probe  is  calibrated  and  how  well  the  mechanical  system  for  extending 
the  probe  will  repeat  itself.  Each  of  these  items  could  cause  an  error  in  the  final 
tabulated  velocity.  The  calibration  used  to  reduce  the  data  from  the  probe  was  exam¬ 
ined  in  detail  and  is  the  best  calibration  of  this  probe  over  the  range  of  Mach  numbers 
and  angles  investigated.  This  calibration  is  explained  in  detail  in  Volume  II.  The 
probe  mechanical  repeatability  also  appears  to  be  accurate  at  least  in  the  ability  to  ex¬ 
tend  the  probe  to  a  fixed  radial  location.  It  was  found  that  each  radial  location  could 
be  repeated  within  4  0.012  inches.  The  repeatability  of  the  swirl  angle  setting,  how¬ 
ever,  is  not  as  accurate  as  would  be  desired.  Analysis  of  the  data  indicates  that  this 
angle  can  only  be  mechanically  repeated  within  ±  0.  5'" .  Coupled  with  this  is  the 
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difficulty  of  the  probe  operator  in  determining  when  the  probe  is  balanced  in  the  air 
stream,  for  a  mis-alignment  of  the  fluid  in  the  probe  balancing  tubes  as  little  as  0. 1 
of  an  inch  of  water  could  cause  an  error  of  1  degree  in  the  swirl  angle.  It  was  possible 
to  balance  ti..-*  nr^he  to  within  ±  0. 05  inches  of  water  which  results  in  a  cumulative 
error  in  the  swirl  angle  of  approximately  ±  1°. 

This  angle  is  extremely  important  in  the  integration  of  the  rake  measurements  to  ob¬ 
tain  the  power  absorbed  by  the  propeller  which  could  serve  as  an  indication  of  the 
accuracy  of  the  force  measurements.  However,  because  the  swirl  angle  measurement 
is  not  as  accurate  as  would  be  desired,  the  correlation  between  measured  torque  and 
the  torque  integrated  from  pressure  measurements  is  poor.  The  integration  of  the 
probe  data  for  thrust,  however,  is  rather  good.  These  integrations  are  discussed  in 
more  detail  in  the  results  and  discussion  section  of  this  report. 

Although  all  the  standard  wind  tunnel  blockage  corrections  have  been  applied  to  the 
data  to  account  for  the  effect  of  the  shroud  and  propeller  in  tunnel  velocity,  the  possible 
effect  of  the  shape  of  the  propeller  test  rig  on  the  shroud  and  propeller  forces  has  not 
been  accounted  for.  It  is  realized  that  the  shape  of  the  test  rig  causes  a  slightly  differ¬ 
ent  distribution  of  velocity  to  be  imposed  at  the  shroud  exit  plane  than  if  the  test  rig 
were  not  there.  The  effect  of  this  different  velocity  gradient  at  the  shroud  exit  was 
analytically  examined  using  the  calculation  method  being  developed  in  Phase  III  of  this 
program  This  investigation  indicates  that  the  effects,  if  any,  are  small.  Further¬ 
more,  ratioing  the  performance  of  one  model  variable  to  another,  where  the  center- 
body  and  test  rig  was  kept  fixed,  tends  to  eliminate  the  effect  of  the  test  rig  for  most 
of  the  configurations  investigated.  This  is  not  true  for  the  case  of  the  short  chord 
shroud  nor  for  the  case  where  propeller  position  was  investigated.  In  the  case  of  the 
short  chord  shroud,  the  shroud  is  further  away  from  the  test  rig  than  any  other  shroud 
and  therefore  any  effect  of  the  rig  is  reduced.  On  the  other  hand,  to  investigate  propel¬ 
ler  position,  the  shroud  was  pulled  back  closer  to  the  test  rig  but  even  here  the  effect 
is  throught  to  be  small.  Further  work  should  be  done  in  this  area  if  absolute  levels  of 
performance  are  desired.  However,  for  this  series  of  tests,  it  is  felt  that  the  effect 
of  any  one  shape  variable  has  been  established. 
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This  wind  tunnel  test  program  has  made  possible  a  systematic  evaluation  of  many  of 
the  important  shroud  and  propeller  shape  variables.  The  extensive  scope  of  the  pro¬ 
gram  has  allowed  the  acquisition  of  what  are  probably  the  most  complete  force  and 
pressure  measurements  on  this  subject.  The  data  presented  in  this  report  clearly 
shows  the  effect  of  each  shape  variable  investigated  upon  propeller  performance  (thrust 
and  power  relationships  for  each  propeller  in  a  shroud)  and  net  performance  (thrust  and 
power  relationships  for  the  shroud  and  propeller  combination).  The  data  showing  these 
effects  are  shown  in  four  basic  series  of  curves  which  are  described  below.  The  ex¬ 
perimental  data  is  completely  tabulated  in  coefficient  form  in  Volumes  III  and  IV. 

1.  One  shroud  and  propeller  combination  was  designated  the  basic  model  and  is 
referred  to  as  B1-3WT(1).  This  model  is  the  performance  "yardstick";  and 
the  thrust  and  power  of  the  other  models  are  compared  to  it.  The  performance 
fcr  this  model  is  shown  in  figures  22  through  33.  These  figures  depict  the 
propeller  thrust  per  horsepower  and  the  net  thrust  per  horsepower  as  a  func¬ 
tion  of  power  loading  at  three  tip  speeds  and  seven  Mach  numbers  (0  to  .  6). 

2.  The  propeller  thrusts  and  the  net  thrusts  of  each  model  are  then  compared  to 
those  for  B1-3WT.  These  data  are  shown  in  figures  46  through  104  and  de¬ 
pict  the  thrust  comparisons  as  a  function  of  power  loading  at  three  tip  speeds 
and  six  Mach  numbers.  These  curves  were  generated  as  a  means  of  obtaining 
the  next  set  of  curves  to  be  described,  but  have  been  included  in  this  report 
because  they  provide  additional  information  which  is  not  directly  shown  in  the 
model  parameter  comparison  curves. 

3.  The  effect  on  performance  of  each  of  the  shape  variables  is  shown  in  figures 
105  through  200.  These  curves  depict  the  ratios  of  propeller  and  net  thrust 
of  each  model  to  those  of  the  "yardstick"  model(2)  plotted  against  a  measure 
of  each  geometric  shape  parameter.  For  example,  figure  118  shows  the  effect 
of  shroud  exit  area  ratio  upon  net  thrust. 

In  the  ensuing  discussion  sections  for  each  of  the  shape  parameters,  average 
values  of  the  thrust  ratios  are  tabulated.  These  represent  arithmetic  aver¬ 
ages  of  the  data  shown  in  the  figures  and  provide  the  information  which  per¬ 
mits  a  quick  assessment  of  each  shape  parameter  upon  performance. 

4.  The  ratio  of  net  to  propeller  thrust  for  each  model  is  shown  in  figures  34 
through  45.  These  curves  define  the  effectiveness  of  the  shroud  at  one  selec¬ 
ted  tip  speed  and  six  Mach  numbers  fcr  a  range  of  power  loadings. 


(1)  a  complete  model  definition  appears  ir.  the  Model  Notation  section. 

(2)  in  these  comparisons  B1-3WT  is  not  always  the  "yardstick".  For  example,  when 
the  tip  clearance  parameter  is  described,  B1-3R  is  the  "yardstick"  and  B1-3R1/2 
M  and  B1-3RM  arc  compared  to  it. 
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Experimental  data  were  obtained  at  .02,  .05,  .10,  .20,  .30,  .40  and  .  50  Mach  num¬ 
bers  (0. 60  for  B1-3WT)  and  were  recorded  inpropeller  coefficient  form.  Static  (M  =  O) 
data  was  obtained  through  a  systematic  extrapolation  of  the  low  speed  measurements. 
The  extrapolation  technique  is  described  in  Appendix  12.1,  and  the  conversion  of  the 
coefficients  to  thrusts  and  powers  is  described  in  Appendix  12.2. 

A  great  number  of  pressure  measurements  were  taken  in  this  experimental  program 
to  enhance  the  understanding  of  the  performance  data  and  to  aid  in  the  formulation  of 
an  accurate  theoretical  method  to  be  accomplished  in  Phase  m  of  this  contract.  These 
measurements  are  described  in  the  Test  Methods  section,  are  summarized  in  figures 
204  through  302,  and  depict  the  following;  (1)  shroud  surface  pressure  distribution, 

(2)  propeller  inlet  axial  velocity  distributions,  (3)  shroud  exit  plane  total  pressure 
distributions,  (4)  shroud  exit  plane  axial  velocity  distributions  and  (5)  shroud  exit  plane 
static  pressure  distributions.  The  pressure  and  velocity  data  -vere  used  to  compute 
propeller  thrust  and  power  loading  distributions,  shroud  drag  and  shroud  slipstream 
con, r action.  The  pressure  data  are  presented  in  a  manner  which  shows  the  effect  of 
blade  angle,  Mach  number  and  tip  speed  on  these  five  distributions  for  B1-3WT.  The 
effects  of  many  of  the  shroud  and  propeller  shape  variables  upon  these  distributions 
are  also  shown  at  selected  Mach  numbers  and  tip  speeds.  Unlike  the  performance 
data  presentation,  it  was  not  feasible  to  present  pressure  and  velocity  curves  for  fixed 
values  of  power  loadings.  However,  complete  tabulations  of  these  data  are  presented 
in  Volumes  HI  and  IV  cf  this  report  and  can  be  employed  to  suit  various  needs.  The 
pressure  and  velocity  distributions  are  referred  to  in  the  performance  comparison  dis¬ 
cussions  where  they  clarify  the  trends  shown  there  and  are  described  in  further  detail 
in  the  Pressures  and  Velocities  section. 


8.  2  Data  Presentation 

8.  2a  Performance  of  the  Basic  Model  (B1-3WT) 

The  B1-3WT  model  consisted  of  the  basic  three  blade, wide-tip  (3WT)  propeller  and  the 
basic  shroud  (Bl).  The  basic  shroud  had  a  chord-diameter  (C/D)(3)  ratio  of  .667,  a 
maximum  thickness/chord  (x/c)  ratio  of  .15  and  a  1.1  exit-propeller  plane  flow  area 
ratio.  The  propeller  was  located  at  the  40%  shroud  chord  point  and  had  a  .  0012  nom¬ 
inal  gap-shroud  diameter  tip  clearance.  Ir.  its  basic  configuration,  B1-3WT  had  no 
inlet  or  exit  vanes,  and  like  all  other  models  tested  it  had  a  .  25  hub-shroud  diameter 
ratio.  The  basic  and,  in  fact,  all  the  propellers  were  designed  to  be  compatible  with 


(3)  When  a  shroud  diameter  is  referred  to  it  is  the  shroud  ID  at  the  propeller  plane 
and  is  2.  5  feet  for  all  models. 
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the  basic  shroud  at  two  selected  design  conditions.  ^  However,  due  to  the  broad 
scope  and  diversified  intent  of  this  program,  these  design  conditions  were  of  no  greater 
significance  than  the  multitude  of  other  conditions  tested.  It  should  be  borne  in  mind, 
however,  that  these  conditions  did  directly  influence  the  selected  propeller  solidities 
and  hence  the  range  of  power  loadings  for  which  these  propellers  would  operate  effi¬ 
ciently  without  excessive  blade  stalling. 

The  performance  of  the  basic  model  is  shown  in  figures  22  through  33.  These  curves 
depict  the  propeller  and  the  net  thrust  per  horsepower  vs  power  loading  character¬ 
istics.  From  these  data  power,  diameter,  tip  speed  and  Mach  number  can  be  assessed 
against  any  given  performance  requirements.  For  example,  the  figures  justify  the  tip 
speed  selections  for  the  two  X-2£a  design  conditions.  In  fact,  the  tip  speed  for  best 
net  thrust  is  highest  at  low  Mach  numbers  and  high  loadings  but  decreases  as  Mach 
number  increases  and/or  as  the  loading  (BHP/o^ °/p  )  decreases. 

The  propeller  thrusts  per  horsepower  generally  increase  at  a  given  Mach  number  and 
tip  speed  as  the  loading  diminishes.  The  net  thrusts  per  horsepower,  on  the  other 
hand,  do  not  continue  to  increase  as  the  loading  diminishes.  That  is,  the  maximum 
net  thrusts  per  horsepower  generally  occur  at  higher  power  loadings  than  the  propeller 
thrusts  per  horsepower  and  diminish  quite  sharply  thereafter.  This  trend  in  the  values 
of  net  thrust  per  horsepower  implies  that  the  shroud  thrust  per  horsepower  diminishes 
as  the  loading  decreases,  and  is  clearly  shewn  in  Table  V. 


TABLE  V 

ROTATIONAL  TIP  SPEED =  785  FPS 
M=  .30  M  =  .50 


BHP/D2XPo/p 

T/BHP 

TNET/BHF 

T5HROUD/BHP 

T/BHP 

TNET/BHP 

TSHROUD/BHP 

10 

1.337 

mm 

-0.194 

m 

15 

1. 327 

■SB 

-0.109 

51:1 

0.426 

-0.406 

20 

1.295 

-0.068 

BIB 

0.559 

-0.282 

25 

1.242 

1.207 

-0.035 

0.839 

0.630 

-0.209 

30 

1.188 

1.183 

-0.005 

0.834 

0.666 

-0.168 

35 

1.150 

1.170 

0.020 

0.828 

0.677 

-0.151 

40 

0.817 

0.677 

-0.140 

45 

0.802 

0.673 

-0.129 

50 

0.781 

0.670 

-0.111 

(4)  The  test  propellers  were  designed  to  the  one  engine  out  hover  and  the  225  knot 
Bell  X-22A  conditions.  M  =  O  and  .  338;  BHP/D2X  ?o/p=  16  and  12;  tip  speed  950 
and  675  fps  respectively. 

(5)  Unless  otherwise  stated,  propeller  thrusts  will  mean  the  thrust  of  the  propeller 
in  a  shroud. 
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8. 2a  (Continued) 

For  a  given  Mach  number,  the  propeller  induces  more  flow  through  the  shroud  as  the 
power  loading  increases.  The  increased  flow  raises  both  the  shroud  lip  suction  thrust 
and  viscous  drag,  but  in  a  manner  whereby  the  resultant  shroud  force  becomes  more 
positive.  The  higher  flows  and  suction  pressures  are  clearly  shown  in  the  velocity  and 
shroud  surface  pressure  distributions  at  the  end  of  this  report.  Many  of  the  shroud 
surface  pressure  distributions  were  integrated  in  an  attempt  to  evaluate  the  effect  of 
propeller  loading  upon  the  pressure  and  viscous  forces  on  the  shroud.  The  method 
which  was  employed  to  determine  these  forces  is  described  in  Appendix  12. 3.  Although 
this  attempt  to  evaluate  shroud  friction  drag  was  not  altogether  successful,  it  did  lead 
to  a  better  understanding  of  the  shroud  force  and  its  distribution  over  the  shroud  surface. 
The  friction  drags  from  these  pressure  integrations  were  correlated  with  values  pre¬ 
dicted  from  empirical  methods  as  described  in  references  1  and  5.  These  findings  are 
summarized  in  table  VI.  Whereas  it  appears  that  it  is  only  necessary  to  keep  the  pow¬ 
er  loading  high  to  assure  good  shroud  performance,  it  can  be  seen  when  more  closely 
examined,  that  this  is  a  difficult  task.  Of  the  two  ways  in  which  the  loading  can  readily 
be  increased  (by  increasing  horsepower  and  by  reducing  diameter)  only  reducing  the 
diameter  offers  an  attractive  possibility.  However,  should  the  vehicle  being  investiga¬ 
ted  have  a  high  static  thrust  requirement  (6),then  reducing  the  diameter  to  improve 
shroud  performance  and  higher  speeds  loses  its  appeal.  This  effect  is  exemplified  In 
Table  VII  where  a  propeller  diameter  reduction  of  three  feet  was  considered  for  two 
operating  conditions  close  to  those  for  the  Bell  X22A  aircraft.  Obviously  the  thrust 
trade-offs  (A  Tnet)  shown  in  Table  VII  are  far  too  unbalanced  to  be  of  practical  value. 
However,  it  is  interesting  to  note  that  a  three  foot  reduction  in  propeller  diameter  in¬ 
creases  the  net  thrust  15%  at  M  =  0.4,  Furthermore,  had  the  propeller  been  designed 
for  this  higher  power  loading  the  thrust  increase  would  have  been  yet  larger. 

TABLE  VI 


M=  .3 


BHP  X  po L 

MEASURED  SHROUD 
THRUST,  # 

PRESSURE 
THRUST,  # 

FRICTION 

DRAG,# 

D2 

0 

~17 

-3 

14 

10 

-14 

1 

15 

20 

-8 

8 

16 

30 

1 

17.5 

16.5 

40 

11 

28 

17 

(6)  All  the  experimental  models  are  representative  of  fixed  geometry  shrouds  designed 
to  assure  maximum  static  and  low  speed  performance  and  it  is  therefore  presumed 
that  static  thrust  is  of  prime  importance. 
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Figures  28  through  33  (T/BHP  vs  BHP/D2x^o/p  )  shows  rather  sharp  declines  In  pro¬ 
peller  thrust  per  horsepower  at  some  of  the  higher  power  loadings.  At  high  powers, 
the  propeller  tends  to  become  stalled  (high  angles  of  attack)  and  a  loss  in  efficiency 
ensues.  A  propeller  of  higher  solidity  (more  activity  factor  per  blade  or  more  blades) 
would  avoid  blade  stall  at  high  power  loadings  and  would  result  in  higher  thrusts.  How¬ 
ever,  higher  solidity  propellers  would  be  less  efficient  at  the  lower  loadings  for  which 
these  models  were  designed. 

The  ratio  of  net  thrust  to  propeller  thrust  for  tine  basic  configuration  is  shown  in  figure 
34  at  915  feet  per  second  tip  speed  for  Mach  numbers  from  0  -  .  5.  The  value  of  this 
ratio  where  the  shroud  thrust  is  zero  is  1.0.  For  the  static  care  simple  momentum 
theory  predicts  that  this  ratio  is  two  times  the  shroud  area  ratio,  or  2. 2  for  this  model. 
Figure  34  shows  that  this  value  was  very  nearly  achieved.  It  can  also  be  seen  that  the 
Mach  number  at  which  Tnet/T  =  1.0  increases  as  the  power  loading  increases.  Which 
again  exemplifies  the  effect  of  power  loading  on  the  shroud  effectiveness.  However,  at 
the  very  highest  load’ngs  the  propeller  becomes  less  »  fficient  whereby  T  decreases  and 
Tnec^T  Increases.  The  shroud  thrust,  however,  docs  not  continue  to  increase  at  a 
consistent  rate  as  the  piopelier  efficiency  decreases  and  the  ratio  Tnet/-p  is,  in  a  very 
complex  wav,  mutually  affected  by  both  the  shroud  and  propeller.  The  shroud  thrust  is 
dependent  upon  the  lip  suction  pressure  which  is  dependent  upon  the  propeller  induced 
flowf  and  the  flow  is  dependent  upon  the  propeller  efficiency. 
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Effect  of  Propeller  and  Shroud  Shape  Variables  on  Performance 


Area  Ratio 

The  effect  of  shroud  exit  to  propeller  plane  flow  area  ratio  was  experimentally  eval¬ 
uated  with  shroud  models  Bl,  B3  and  B4,  each  with  the  3WT  propeller.  These  formed 
the  B1-3WT  B3-3WT  and  B4-3WT  models.  These  three  shrouds  employed  the  same 
shroud  leading  edge,  but  different  aft  sections  which  were  designed  to  accomodate  the 
three  area  ratios  (1.1,  1. 2  and  1. 3).  These  shrouds  are  completely  defined  in  the 
Model  Notation  section  and  are  shown  in  figures  3  and  4.  Geometrically  these  models 
differ  in  area  ratio,  diffuser  angle  and  external  fairing.  Moreover,  these  models  dif¬ 
fer  aerodynamically  in  airfoil  profile.  These  differences  are  shown  in  figures  5  and  6 
which  show  the  camber  line  slopes  and  thickness  distributions  for  each  shroud  model. 

The  effect  of  area  ratio  on  propeller  thrust  and  net  thrust  is  presented  in  figures  117 
through  128.  These  figures  show  the  performance  at  constant  power,  tip  speed  and 
Mach  number  of  the  1. 2  and  1.3  shroud  area  ratio  models  in  relation  to  the  perform¬ 
ance  of  the  "yardstick"  or  1. 1  shroud  area  ratio  model.  The  average  (!)  effect  of 
shroud  exit  area  ratio  upon  both  propeller  and  net  thrust  is  shown  in  Table  Vm.  This 
tabulation  quite  clearly  indicates  the  performance  compromise  decisions  that  must  be 
made  in  high  speed  vehicle  designs.  For  example,  an  average  9%  increase  in  take-off 
or  hover  net  thrust  associated  with  a  1. 3  area  ratio  is  accompanied  by  an  average  69% 
decrease  in  net  thrust  at  M  =  .5.  These  changes  in  average  net  thrust  include  average 
decreases  in  propeller  thrusts  of  10%  and  30%  for  M  =  O  and  .  5  respectively. 


(1)  The  average  effect  of  a  shape  variable  upon  performance  represents  the  arith¬ 
metic  average  of  the  thrust  ratios  for  the  tip  speeds  and  powers  which  are  shown 
in  the  figures  depicting  the  shape  variable  effect. 
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TABLE  VIII 

AVERAGE  EFFECT  OF  AREA  RATIO  ON  PERFORMANCE 

tnet  t 


TNET  b1_3Wt 


TB1  -  3WT 


M  A4/A2  = 

1.1 

1.2 

1.3 

A  4/A  2  =1.1 

1.2 

1.3 

0 

1.0 

1.050 

1.090 

1.0 

.950 

.900 

.  1 

1.0 

1.030 

1.040 

1.0 

.940 

.890 

.2 

1.0 

1.000 

.970 

1.0 

.930 

.860 

.3 

1.0 

.950 

.860 

1.0 

.915 

.830 

.4 

1.0 

.860 

.640 

1.0 

.890 

.780 

.5 

1.0 

.670 

.310 

1.0 

.800 

.600 

O 


At  each  tip  speed,  Mach  number  and  power  loading  the  propeller  thrust  dim  Irishes  al¬ 
most  linearly  as  the  area  ratio  increases  from  1.1  to  1. 3.  The  reduction  in  propeller 
thrust  for  the  B3-3WT  and  B4-3WT  models  is  associated  with  the  higher  propeller 
plane  axial  velocities  attendant  with  the  higher  area  shrouds  as  shown  in  figures  237, 
238,  289  and  290.  Defining  a  propeller  efficiency  as  V-  TVa/550  HP  and  recognizing 
that  V  remains  nearly  constant  for  a  fairly  wide  range  of  axial  velocities  (Va),  it  can 
readily  be  seen  that  the  propeller  thrust  rewritten  as  T  =  550  HP  V  /Va,  will  decrease 
as  the  area  ratio  increases  for  any  specified  power  loading.  The  average  axial  velo¬ 
cities  al  the  propeller  plane  for  the  B1-3WT  and  B3-3WT  models  at  M  =  .4  as  depicted 
in  figure  238  are  1, 1  x430=  472  and  1. 3  x  465  =  605.  The  ratio  of  propeller  thrusts 
would  then  be  .78  if  the  efficiencies  are  assumed  to  be  equal,  and  this  ratio  agrees 
exactly  with  the  average  value  in  Table  VIII.  The  change  in  propeller  thrust  with  area 
ratio  can  also  be  seen  in  the  exit  rake  total  pressure  distributions  as  shown  in  figures 
256  and  257.  These  figures  show  that  the  exit  total  pressure  is  highest  for  the  1. 1 
shreud  area  ratio  model  and  then  decreases  as  the  area  ratio  increases.  The  rela¬ 
tionships  between  propeller  thrust  and  exit  total  pressure  and  several  numerical  ex¬ 
amples  are  shown  in  Appendix  12,4.  Several  thrust  distributions  were  computed  from 
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exit  measurements  and  their  integrations  showed  good  correlation  with  the  measured 
propeller  thrusts.  The  velocity  and  pressure  measurements  will  be  employed  more 
extensively  in  Phase  HI  of  this  contract  where  they  will  provide  detailed  checkouts  of 
the  theoretical  method.  The  detailed  effect  of  shroud  exit  area  ratio  upon  net  thrust 
is  shown  in  figures  117  through  122.  These  curves,  like  Table  VIE,  depict  perform¬ 
ance  gains  for  the  higher  area  ratio  shrouds  at  and  below  .  20  Mach  number.  The  low 
speed  gains,  however,  are  accompanied  by  very  severe  performance  losses  at  higher 
speeds.  At  M  =  O  the  net  thrust,  according  to  simple  momentum  theory,  increases 
as  the  one  third  power  of  the  area  ratio.  This  would  indicate  net  thrust  increases  of 
1. 0295  and  1. 0572  above  the  1. 1  area  ratio  shroud  model  for  the  B3-3WT  and  B4-3WT 
configurations  respectively.  The  actual  values  of  these  ratios  were  as  high  as  1.10 
and  1.15  with  averages  of  1. 05  and  1. 09.  Whereas  the  one  third  power  is  exceeded 
for  both  models,  it  is  greater  for  B3-3WT.  This  and  the  shape  of  the  net  thrust  ratio 
curves  in  figures  117  and  119  indicate  that  to  increase  static  thrust  by  further  increas¬ 
ing  the  area  ratio  requires  longer  diffusers  with  diffuser  half  angles  no  greater  than 
the  12°  on  the  B4  shroud  (*).  This  conclusion  has  not  been  substantiated  through  ob¬ 
served  diffuser  separation,  but  the  indicated  tendency  for  the  net  thrust  to  begin  to 
level  off  is  enough  warning  to  limit  the  rate  of  diffusion. 

At  M  =  .  30  the  general  indication  is  that  an  area  ratio  of  1  1  is  optimum.  At  higher 
speeds  the  curves  of  net  thrust  vs  area  ratio  in  figures  i20  through  122  show  that  an 
area  ratio  less  than  1. 1  and  perhaps  less  than  1. 0  would  be  optimum.  For  Mach  num¬ 
bers  equal  to  and  below  .  20  the  curves  in  figures  117  through  119  indicate  that  area 
ratios  of  at  least  1. 3  should  be  considered  to  achieve  maximum  net  thrust.  Depending, 
then,  upon  the  application  and  upon  the  performance  compromise  situation  area  ratios 
both  less  than  and  greater  than  those  tested  in  this  program  warrant  further  investiga¬ 
tion  (2).  In  order  to  achieve  area  ratios  greater  than  1.3  the  added  diffusion  necessi¬ 
tates  either  lengthening  the  shroud  or  locating  the  propeller  further  forward  in  the 
shroud  to  allow  more  length  for  efficient  diffusion. 


(1)  For  shroud  diffusers  with  boundary  layer  suction,  vortex  generators,  grooves  or 
possibly  other  than  conical  walls  the  required  lengths  to  achieve  efficient  diffusion 
for  area  ratios  greater  than  1.3  might  be  shorter  than  for  B4. 


(2)  Area  ratios  of  .  9  and  1.0  and  1.4  will  be  evaluated  in  a  variable  geometry  shroud 
test  by  Hamilton  Standard  under  Contract  No.  N00019-67-0087.  This  test  will 
employ  a  new  shroud  design  with  6%  thick  modified  NACA  Series  65  airfoils. 
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Looking  ahead  to  the  results  for  the  shroud  length  and  the  propeller  position  experi¬ 
ments  (figures  129  through  140  and  141  through  152  respectively)  a  probable  solution 
for  effectively  achieving  higher  area  ratios  is  indicated.  At  low  speeds,  where  more 
diffusion  is  needed,  moving  the  propeller  nearer  the  inlet  is  detrimental  to  net  thrust, 
while,  increasing  the  shroud  length  improves  both  low  and  high  speed  performance. 
These  results  quite  clearly  indicate  that  lengthening  the  shroud  is  the  best  way  to  in¬ 
crease  the  area  ratio  and  thereby  produce  more  thrust. 

The  division  of  thrust  between  the  shroud  and  the  propeller  is  shown  in  figures  34,  41 
and  42.  Resorting  again  to  simple  momentum  theory,  the  division  of  thrust  at  the 
static  condition  is  two  times  the  area  ratio,  or  2.2,  2.4  and  2.6  for  these  three  models. 
About  98%  of  these  values  were  achieved  for  the  915  foot  per  second  tip  speed  shown. 

In  each  case  the  maximum  value  of  the  division  of  thrust  occurs  at  the  higher  loadings, 
indicating  again  the  benefits  of  heavily  loading  the  propeller. 

Table  EX  shows  the  effect  of  power  loading  upon  the  Mach  number  at  which  the  shroud 
thrust  is  zero.  This  effect  is  shown  for  the  three  ratios  and  represents  those  Mach 
numbers  in  figures  34,  41  and  42  where  TQet/T  =  1*0.  The  pressure  and  viscous  forces 
on  the  shroud  are  just  balanced,  and  from  this  tabulation  it  can  be  seen  that  this  occur? 
at  a  higher  Mach  number  as  the  power  loading  increases.  Furthermore,  Table  IX  In¬ 
dicates  that  an  area  ratio  between  1.2  and  1.3  allows  operation  at  the  highest  Mach 
number  before  the  shroud  viscous  drag  becomes  greater  than  the  shroud  pressure 
thrust.  The  reasons  for  this  are  not  fully  known,  but  as  with  the  static  condition, 
some  mild  and  undetected  separation  may  have  been  present  with  the  B4  shroud  diffu¬ 
ser  causing  a  loss  in  shroud  pressure  thrust.  That  the  Mach  number  is  higher  where 
Tnet/T  =  1.0  for  B3-3WT  than  for  B1-3WT  does  not,  however,  mean  that  the  net  thrust 
is  greater  for  B3-3WT.  When  T^/t  =  1.0  all  the  thrust  is  propeller  thrust  and  fig¬ 
ures  123  through  128  show  that  the  propeller  thrust  is  considerably  higher  for  the  Bl- 
3WT  model  and  would  be  higher  yet  at  area  ratios  less  than  1. 1. 


TABLE  IX 

MACH  NUMBERS  WHERE  SHROUD  VISCOUS  AND  PRESSURE  FORCES  ARE  EQUAL 


AREA  RATIO  1.1 

1.2 

1.3 

BHP/D2  X  Vp 

M 

M 

M 

20 

.266 

.297 

.297 

30 

.298 

,356 

.332 

40 

.326 

.388 

.364 

50 

.355 

.407 

.387 

i 
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However,  in  investigating  the  shroud  pressure  distributions  it  was  found  (Appendix 
12. 3)  that  the  pressure  thrust  and  viscous  drag  both  increase  wi'h  area  ratio.  These 
increases  apparently  occur  in  such  a  manner  that  an  optimum  area  ratio  evolves. 


8. 3b  Shroud  Lip  Shape 


The  shrouds  for  this  experimental  program  were  designed  so  that  the  maximum  static 
thrust  on  the  shroud  lips  would  be  realized.  This  means  that  the  shrouds  lips  must  be 
unseparated  for  the  low  suction  pressure  over  them  to  be  manifested  as  a  shroud 
thrust.  Provided  that  the  flow  is  unseparated  there  are  no  limitations  upon  the  lip 
thickness  required  to  realize  this  static  thrust.  The  prediction  of  the  shroud  surface 
pressure  distributions  and  the  boundary  layer  separation  criteria  indicated  that  the 
lip  thickness  needed  to  be  10%  of  the  propeller  diameter.  In  addition,  the  lip  contour 
was  also  found  to  be  quite  critical  in  assuring  attached  flow.  Two  lips  were  designed 
with  lip  thickness  to  propeller  diameter  ratios  of  .10  with  different  contours.  These 
two  shroud  modles  were  designated  B1  and  B2  and  differed  in  the  shroud  leading  edge 
thickness.  The  leading  edge  thickness  is  defined  as  one  half  of  the  difference  between 
the  shroud  leading  edge  diameter  and  the  shroud  inside  diameter.  The  leading  edge 
diameter  for  B1  is  34. 02  inches  and  for  B2  is  33. 50  inches.  The  leading  edge  thick¬ 
ness  to  diameter  ratios  for  these  two  shrouds  are  67%  and  58. 3%  of  the  .  10  overall 
lip  thickness  to  diameter  ratio.  The  larger  leading  edge  thickness  for  B1  provided 
that  model  a  better  assurance  of  unseparated  flow  for  the  static  condition  whereas  the 
more  symmetrical  shape  for  B2  provided  it  with  a  higher  critical  Mach  number.  The 
predicted  critical  Mach  numbers  were  .  52  and  .  57  for  B1  and  B2  respectively.  The 
performance  ratios  for  these  two  models  are  plotted  against  the  leading  edge  to  inside 
diameter  ratio  minus  one.  This  parameter  represents  twice  the  non-dimensional 
leading  edge  thickness.  The  largest  net  and  propeller  thrust  deviations  between  these 
two  models  occurs  at  the  lowest  of  the  three  tip  speeds  (654  feet  per  second)  at  .3,  .4 
and  .  5  Mach  numbers. 


The  average  effect  of  the  shroud  lip  shape  is  shown  in  Table  X.  The  average  net 
thrust  ratios  exhibit  a  very  uniform  trend  with  Mach  number,  with  a  maximum  ratio 
of  1. 017  at  M  =  .  2  and  a  minimum  ratio  of  .  903  at  M  =  .  5.  The  propeller  thrust  ra¬ 
tios  do  not  exhibit  as  uniform  a  trend,  but  the  spread  in  magnitude  is  somewhat  smaller. 
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TABLE  X 

AVERAGE  EFFECT  OF  SHROUD  LIP  SHAPE  ON  PERFORMANCE 


r 

TNET  B2-3WT 

TB2-3WT 

M 

TNET  B1-3WT 

TB1-3WT 

0 

.994 

1.008 

.1 

.998 

.992 

.2 

1.017 

1.001 

.3 

1.015 

.979 

.4 

.978 

.980 

.5 

.903 

.958 

The  higher  critical  Mach  number  which  was  designed  with  the  B2  shroud  was  not  act¬ 
ually  evaluated  experimentally  since  the  test  rig  vibrations  limited  testing  above  .  5 
Mach  number.  Through  the  data  which  is  tabulated  in  Volumes  III  and  IV  however, 
the  shroud  thrusts  are  generally  found  to  be  better  at  .  4  and  .  5  Mach  number  for  B2- 
3WT.  From  these  data  it  would  seem  that  the  B2  shroud  with  its  more  symmetrical 
lip  shape,  is  a  better  high  speed  airfoil.  However,  the  net  thrusts  are  generally 
poorer  for  B2-3WT  model,  Indicating  a  less  compatible  union  of  propeller  and  shroud 
for  this  configuration.  The  average  thrust  ratios  at  M  =  .  5  are  highly  influenced  by 
the  large  thrust  losses  for  both  the  propeller  and  shroud  which  occurred  at  the  lowest 
of  the  three  tip  speeds.  There  is  a  strong  indication  in  these  results  that  the  B2  lip 
was  better  at  high  Mach  numbers  and  high  power  loadings,  but  considerably  worse  at 
low  loadings. 


8.3c  Shrcud  Length 


Two  shrouds,  with  chord  to  inside  diameter  ratios  of  .667  and  .50,  were  tested  in 
this  program.  The  effect  of  this  parameter  upon  performance  was  evaluated  with  the 
3NT  propeller  and  the  models  were  designated  B1-3NT  (C/D  -  .667)  and  B7-3NT 
(C/D  =  .50).  The  narrow  tip  propeller  was  employed  in  this  investigation  because  the 
basic  propeller  was  in  the  Hamilton  Standard  shop  for  repairs.  A  bolt  had  broken 
loose  from  the  shroud  and  caused  enough  blade  damage  to  require  that  it  be  repaired. 
In  order  not  to  lose  valuable  tunnel  occupancy  time  the  3NT  propeller  was  substituted 
for  this  series  of  tests. 
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These  two  shrouds,  B1  and  B7,  had  the  same  lip  and  the  same  exit  area  ratio.  As 
airfoils,  however,  they  had  different  thickness  ratios  and  different  mean  camber  lines. 
These  two  models  were  possible  subjected  to  different  interference  effects  from  the 
propeller  test  rig.  ^  The  trailing  edge  of  the  B7  shroud  was  three  inches  further 
away  from  the  test  rig  fairing  than  the  B1  shroud,  if  there  was  significant  blocking 
due  to  the  propeller  test  rig  it  would  have  the  effect  of  reducing  performance  as  the 
distance  from  it  was  increased.  Whether  or  not  the  test  rig  did  create  an  effect  upon 
performance  which  would  influence  the  trends  that  are  being  attributed  to  the  shape 
parameters  is  still  being  examined  and  will  be  discussed  further  in  Phase  HI. 

The  net  thrust  and  propeller  thrust  ratios  for  these  two  models  are  shown  in  figures 
129  through  140.  At  0. ,  .1,  and  .  2  Mach  numbers  there  is  only  a  relatively  minor 
effect  of  shroud  length  upon  net  thrust  at  any  tip  speed  or  power  loading.  The  propel¬ 
ler  thrust  ratios  for  these  Mach  numbers  are  also  only  slightly  affected  by  power  load¬ 
ing  and  tip  speed  but  are  generally  1-2%  lower  for  B7-3NT.  At .  4  and  .  5  Mach  num¬ 
bers  a  large  effect  of  shroud  length  is  seen  on  both  net  and  propeller  thrust  ratios. 

At  M  =  .  3  the  net  thrust  is  still  only  slightly  affected  by  shroud  length,  but  the  propel¬ 
ler  thrusts  are  2-6%  lower  for  the  shorter  shroud  model.  At  M  =  .4  the  net  thrusts 
for  B7-3NT  fall  1-9%  below  those  for  B1-3NT  while  the  propeller  thrust  ratios  recover 
slightly  from  their  apparent  loss  at  M  =  .  3.  At  .  5  Mach  number  the  net  thrusts  dimin¬ 
ish  quite  sharply  for  the  shorter  chord  shroud  while  the  propeller  thrust  ratios  again 
fall  to  their  .  3  Mach  number  level.  The  critical  Mach  number  of  the  shorter  chord 
shroud  was  estimated  to  be  .  46  and  the  large  loss  in  net  thrust  at  M  =  .  5  is  very  likely 
attributable  to  exceeding  this  critical  value. 


The  average  effect  of  shroud  length  upon  performance  is  shown  in  Table  XI.  Here  the 


TABLE  XI 

EFFECT  OF  SHROUD  LENGTH  ON  PERFORMANCE 


\ - 

M 

TnET  B7-3NT 

T  B7-3NT 

1  NET  B1-3NT 

TB1-3NT 

0 

1.006 

.991 

.1 

1.007 

.985 

.2 

.996 

.982 

.3 

1.000 

.950 

.4 

.965 

.977 

.5 

.815 

.952 

(1)  The  test  rig  blockage  is  described  in  some  detail  in  the  Accuracy  of  Data  Section 
of  this  report. 
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near  equality  of  these  two  models  can  be  seen  below  M  -  .  4  and  the  superiority  of  B1 
3NT  seen  at  M  =  .  4  and  .  5. 

Figures  280  and  281  indicate  that  of  the  two  models  the  shorter  chord  shroud  exit  static 
pressures  are  closer  to  the  atmospheric  static  pressure  at  both  high  and  low  Mach 
numbers.  At  the  high  Mach  numbers  (.3,  .4  and  .  5)  the  static  pressures  are  quite  the 
same  for  the  inner  half  of  the  annulus  but  fall  closer  to  the  atmospheric  pressure  for 
the  outer  half  of  the  annulus.  This  pressure  pattern  is  contrary  to  that  which  could  be 
expected  if  the  propeller  test  rig  were  acting  as  a  flow  or  pressure  block.  The  pres¬ 
sures  and  velocities  will  be  employed  in  the  Phase  IK  study  to  help  in  the  evaluation  of 
this  problem  area. 

Propeller  Position 

The  effect  of  the  propeller  position  within  the  shroud  upon  performance  was  determined 
experimentally  with  the  basic  shroud  (Bl)  and  the  basic  propeller  (3WT).  The  propeller 
position  on  the  propeller  test  rig  was  fixed  and  the  shroud  was  moved  in  relation  to  this 
position.  Two  positions  were  tested  and  the  model  designations  were  B1-3WT  and  B5- 
3WT.  For  these  two  models  the  propellers  centerlines  were  located  40%  and  25%  of  the 
shroud  chord  length  back  from  the  shroud  leading  edge  respectively.  For  the  B5-3WT 
model  the  shroud  trailing  edge  was  located  three  inches  closer  to  the  enlarged  diameter 
on  the  test  rig.  Therefore,  if  there  was  an  effect  upon  performance  due  to  the  blockage 
effect  of  the  propeller  test  rig,  its  effect  might  be  different  for  these  two  models.  The 
detailed  effects,  if  any,  of  the  propeller  test  rig  upon  performance  will  be  evaluated  in 
Phase  IE  of  this  program. 

It  is  important  to  evaluate  the  effect  of  propeller  position  on  performance  for  two  prin¬ 
cipal  reasons.  First,  if  the  propeller  can  be  positioned  forward  In  the  shroud  without 
a  performance  loss  more  of  the  shroud  length  can  be  employed  for  either  gentler  diffu¬ 
sion  or  for  more  diffusion.  Secondly,  if  the  propeller  can  be  located  further  back  in  the 
shroud  without  a  performance  loss,  then  the  blade  stressing  could  be  less  severe  for 
inclined  shroud  operation  usch  as  tilt  shroud  transition  conditions.  This  latter  effect 
was  analyzed  in  an  addition  to  this  program  at  duct  angles  of  attack  to  28°.  Very  low 
blades  stressing  was  observed  with  the  propeller  in  either  position,  but  this  presumably 
would  not  have  been  true  for  higher  duct  angles  of  attack  representative  of  transition 
maneuvers. 

The  effect  of  propeller  position  upon  performance  is  shown  in  figures  141  through  152.  It 
was  impractical  to  test  propeller  positions  forward  of  the  25%  position  or  aft  of  the  40% 
position  due  to  the  lip  and  diffuser  shroud  contours.  Therefore,  these  were  the  only 
positions  tested  and  the  data  for  these  two  configurations  were  connected  with  straight 
lines. 
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At  zero  Mach  number  the  net  thrust  is  consistently  better  in  the  basic  or  40%  position 
and  is  accentuated  as  the  power  loading  increases.  The  propeller  thrusts  are  affected 
quite  similarly  at  M  =  O.  However,  the  propeller  thrust  for  B5-3WT  does  not  continue 
to  decrease  as  the  loading  increases  but  reaches  a  minimum  value  and  recovers  mildly. 
As  the  Mach  number  increases,  however,  the  net  thrust  with  the  propeller  in  the  for¬ 
ward  positic-  increases  and  above  M  =  .  2  it  is  greater  than  the  net  thrust  in  the  basic 
position.  The  propeller  thrusts  on  the  other  hand,  recover  only  slightly  in  the  forward 
position  and  only  at  selected  power  loadings  and  tip  speeds  exceed  the  propeller  thrusts 
in  the  basic  position.  The  average  effect  of  this  variable  is  shown  in  Table  XII.  There 
is  an  unexplainable  loss  in  both  net  and  propeller  thrust  at  .4  Mach  number  which  is  not 
consistent  with  the  average  thrust  trends  established  for  the  other  Mach  numbers.  Ex¬ 
cluding  the  unusual  trend,  the  average  net  thrust  in  the  forward  position  increases  quite 
uniformly  with  Mach  number  to  a  13%  increase  at  M  =  .  5.  The  propeller  thrusts  also 
exhibit  a  consistent  trend,  except  at  M  =  .4  and  show  very  little  position  effect  except 
at  M  =  0. 


TABLE  XI! 

AVERAGE  EFFECT  OF  PROPELLER  POSITION  UPON  PERFORMANCE 


Figures  34  and  43  show  the  division  of  thrust  (Tnet/T)  for  these  two  models  at  7000 
RPM  (915  feet  per  second  tip  speed).  At  M  =  0  both  models  exhibit  a  maximum  divi¬ 
sion  of  thrust  of  about  2. 14,  which  is  about  3. 5%  below  the  momentum  theory  value  of 
2.20.  As  the  Mach  number  increases,  however,  the  division  of  thrust  for  the  B5- 
3WT  model  increases  slightly  beyond  the  values  for  B1-3WT. 

.  3e  Inlet  Vanes 

The  effect  of  inlet  vanes  on  performance  is  shown  in  figures  153  through  158  at  .,05 
and  .  2  Mach  number  and  in  figui’es  68  and  99  at  higher  Mach  numbers.  The  inlet 
vanes  were  designed  to  represent  shroud  supports  struts  and  were  untwisted  and  un- 
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cambered  constant  chord  airfoils.  The  angle  setting  for  these  inlet  vanes  could  be 
changed  to  direct  the  propeller  inflow  either  with  (negative  angle)  or  against  (positive 
angle)  the  propeller  rotational  direction.  The  sense  of  the  inlet  and  the  exit  guide 
vane  angles  is  shown  schematically  in  figure  12.  At  .05  and  .  20  Mach  numbers  -10°, 
0°  and  +10°  inlet  vane  angle  settings  were  tested.  These  data  were  closely  examined 
to  evaluate  the  probable  higher  Mach  number  effect  of  the  vanes  and  the  vane  setting 
upon  performance.  This  evaluation  was  performed  by  considering  the  data  at  M  =  .  2 
and  at  4500  and  5000  RPM  as  representative  of  .  333  and  .  30  Mach  numbers  respective¬ 
ly  at  7500  RPM.  This  investigation  showed  two  important  results;  first,  above  M  =  .  20 
the  net  thrust  is  generally  highest  with  no  inlet  vanes,  and  secondly,  the  least  loss  in 
net  thrust  at  Mach  numbers  above  .  2  occurs  with  the  inlet  vanes  set  at  0°.  Although 
some  small  increases  in  net  thrust  were  exhibited  (see  Table  XHI  and  figures  153 
through  158)  at  M  =  .  05  and  .  20,  it  was  concluded  that  where  support  type  inlet  vanes 
are  required  they  are  best  set  in  the  neutral  position.  Therefore,  the  high  speed  test¬ 
ing  was  conducted  at  only  the  zero  inlet  vane  angle  setting. 

With  the  inlet  vanes  pitched  to  direct  the  flow  against  the  direction  of  rotation  (positive 
angle)  the  propeller  becomes  more  heavily  loaded.  Furthermore,  the  swirl  leaving 
the  propeller  is  reduced  and  a  higher  static  pressure  rise  is  produced.  This  higher 
static  pressure  rise  is  not  necessarily  manifested  as  a  higher  exit  static  pressure  but 
more  generally  as  a  lower  propeller  inlet  static  pressure  accompanied  by  more  flow 
through  the  shroud.  With  the  vanes  set  at  a  negative  angle  the  opposite  effect  occurs. 
That  is,  the  propeller  is  unloaded,  the  leaving  swirl  is  greater  and  less  flow  and  static 
pressure  rise  result  for  a  given  propeller  blade  angle.  These  observations  are  gener¬ 
ally  borne  out  in  the  pressure  and  velocity  summary  curves  in  this  report. 

Figures  153  through  158  depict  the  effect  of  inlet  vane  angle  upon  propeller  and  net 
thrust  for  a  given  power  loading  (BHP/D2X  po/p  ).  Therefore,  the  power  loading  effect 
of  the  vanes  upon  the  propeller  is  not  shown  in  these  curves  since  the  data  have  been 
selected  at  the  appropriate  propeller  blade  angles  to  equalize  the  propeller  shaft  input 
horsepower.  However,  for  variable  pitch  propellers,  these  curves  do  depict  the  effect 
that  the  vanes  would  create  for  given  vehicle  operating  conditions.  The  differences  in 
performance  as  shown  in  these  figures  represents  an  interference  and  redistribution  of 
loading  effect  upon  the  propeller  and  since  the  aerodynamic  force  on  the  vanes  is  mea¬ 
sured  with  the  shroud  force,  a  direct  change  in  shroud  thrust.  In  these  curves  a  very 
pronounced  loss  in  net  thrust  occurs  with  the  vanes  set  at  -10u  at  both  .  05  and  .  20 
Mach  number.  However,  with  the  vanes  set  at  0°  and  +10u  the  net  thrust  is  close  to 
and  sometimes  greater  than  the  net  thrust  with  no  vanes  at  all  (B1-3WT).  The  average 
effect  of  the  inlet  vanes  upon  both  propeller  and  net  thrust  is  shown  in  Table  Xin.  It 
is  noted  that  the  effect  of  the  vanes  set  at  -10°  is  less  detrimental  to  the  propeller 
thrust  than  tc  the  net  thrust,  and  with  the  vanes  set  at  +10u,  the  propeller  thrust  is 
increased  more  than  the  net  thrust. 
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TABLE  XIII 

AVERAGE  EFFECT  OF  INLET  VANE  ANGLE  UPON  PERFORMANCE 


NET  THRUST/NET  THRUST  B1-3WT 

THRUST/THRUST  B1-3WT 

a  a  m  -O  ..O 

M  -10  0  10 

.05  .966  1.012  1.007 

.20  .936  .995  1.011 

.40  .995 

.50  .995 

-10°  0°  10° 

.978  .993  1.017 

.975  1.003  1.044 

.997 
.985 

The  average  thrust  ratios  shown  in  Table  Xm,  at .  4  and  .  5  Mach  number,  were  de¬ 
rived  from  figure  68  and  99  generally  represent  high  power  coefficients  (Cp).  In  the 
examination  of  the  low  speed  test  data  (M  =  .  2)  at  low  RPM's,  the  net  thrusts  at  each 
vane  angle  setting  were  seen  to  diminish  quite  rapidly  above  M  =  ,  3  at  low  propeller 
power  loadings.  As  was  found  to  be  true  for  the  shroud  force,  the  drag  on  the  inlet 
vanes  is  least  detrimental  to  performance  at  the  higher  Mach  numbers  when  the  pro¬ 
peller  is  heavily  loaded. 


8. 3f  Exit  Vanes 


Like  the  inlet  vanes,  the  exit  vanes  were  designed  as  shroud  support  members.  The 
exit  vanes,  then,  arc  symmetrical,  constant  chord  airfoils  with  no  twist.  The  sense 
of  the  exit  vane  angle  setting  is  shown  schematically  in  figure  12.  At .  05  and  .  20 
Mach  numbers  the  exit  vanes  were  set  at  -5U,  0°  and  +10u.  It  was  concluded  from 
these  data,  after  conducting  an  investigation  like  the  one  described  for  the  Inlet  vanes 
that  the  optimum  exit  vane  angle  is  zero  degrees  for  Mach  numbers  higher  than  .  2. 

The  performance  of  the  uasic  model  with  exit  vanes  is  shown  in  figures  159  through 
164  at .  05  and  .  20  Mach  number  and  in  figures  73  and  102  at .  4  and  .  5  Mach  number. 
These  figures  depict  the  effect  of  exit  vanes  and  their  orientation  upon  performance 
for  fixed  levels  of  propeller  input  shaft  honepower.  The  net  thrust  is  quite  adversely 
effected  by  the  exit  vanes  set  at  -5U.  At  0°  and  10u  both  the  propeller  and  the  net 
thrust  are  affected  by  the  vanes  in  amounts  that  are  dependent  upon  the  propeller  tip 
speed  and  power  loading.  The  average  effect  is  shown  in  Table  XIV.  The  effect  of 
the  exit  vanes  upon  the  propeller  thrust  is  generally  quite  small,  but  average  losses 
in  net  thrust  comparable  with  those  seen  with  the  inlet  vanes  set  at  1 0U  occurred  with 
the  exit  van©s  set  at  -5U.  Although  there  might  be  more  tendency  to  recover  the  pro¬ 
peller  swirl  energy  with  the  exit  vanes  set  at  -5°,  the  vane  angles  of  attack  are  quite 
high  with  attendant  low  lift  to  drag  ratios  and  hence  a  detriment  to  the  shroud  and  net 
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TABLE  XIV 

AVERAGE  EFFECT  OF  EXIT  VANES  UPON  PERFORMANCE 


NET  THRUST/NET  THRUST  B1-3WT 

THRUST/THRUST  B1-3WT 

OOO 

M  -5  0  10 

.05  .936  .969  1.0 

.2  .969  1.012  .984 

.4  1.035 

.5  1.10 

_  0  O  0 

-5  0  10 

1.0  .985  .991 

1.0  1.005  1.012 

1.003 

1.008 

O 

8.3g 


thrust  results.  At  .4  and  .  5  Mach  numbers  the  net  thrust  increases  quite  appreciably 
with  the  exit  vanes  set  at  0°.  This  must  have  been  the  result  of  a  very  favorable  orien¬ 
tation  of  the  exit  vane  lift  and  drag  vectors  whereby  a  vane  thrust  was  generated.  The 
propeller  thrusts  for  these  two  high  Mach  numbers  still  remained  quite  unaffected  oy 
the  exit  vanes. 

External  Shape 


The  analysis  procedure  which  was  employed  in  the  design  of  the  test  models  indicated 
that  the  exterior  shape  of  the  shroud  surface  could  have  a  significant  effect  upon  shroud 
and  propeller  performance.  This  design  procedure  is  presently  being  evaluated  for 
presentation  in  Phase  HI  of  tills  contract.  Because  of  the  analytical  indication  of  dif¬ 
ferences  in  performance  attributable  to  the  exterior  shroud  shape,  two  external  fair¬ 
ings  for  the  1.1  area  ratio  shrouds  were  built  and  tested.  The  basic  shroud  (Bl)  had 
a  gradual  fairing  of  the  outside  surface  starting  from  the  25%  chordal  position.  The 
exterior  of  the  B6  shroud,  on  the  other  hand.  was  built  with  the  camber  side  of  a  NACA 
Series  16  airfoil  from  the  50%  chord  position  to  the  shroud  trailing  edge. 

The  performance  for  the  B6  shroud  with  the  3WT  propeller  (B6-3WT)  appears  only  In 
the  curves  depicting  the  net  and  propeller  thrust  ratios  plotted  against  power  loading 
in  figures  64,  65,  94  and  95.  Unlike  the  other  models,  B6  could  not  be  represented 
by  a  non-dimensional  shape  parameter  with  thrust  ratios  plotted  against  that  parame¬ 
ter. 


These  curves  show  some  rather  drastic  losses  in  performance  with  the  Series  16  ex¬ 
terior  shroud  shape  above  .  2  Mach  number.  The  loss  in  net  thrust  at  the  higher  Mach 

§  numbers  is  quite  sharply  accentuated  at  low  power  loadings,  and  tends  to  recover  to 

values  close  to  the  B1-3WT  model  as  the  power  increases.  The  propeller  thrusts  are 
geneially  a  little  lower  for  B6-3WT  but  are  not  particularly  dependent  upon  power  load- 
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ing.  The  shape  of  the  camber  side  of  a  Series  16  airfoil  changes  quite  rapidly  near  the 
trailing  edge  making  flow  separation  there  very  likely.  As  the  propeller  power  loading 
Increases  the  flow  through  the  shroud  increases  and  this  high  slipstream  energy  might 
be  acting  as  a  boundary  layer  control  helping  the  external  shroud  flow  to  stay  attached. 
There  was  no  pressure  testing  for  B6-3WT  to  substantiate  this  assumption. 

The  high  performance  losses  with  the  B6  shroud  at .  3,  .4  and  .  5  Mach  numbers  are 
not  offset  by  appreciable  performance  gains  at  lower  Mach  numbers.  Therefore,  a 
Series  16  external  shroud  shape  seems  like  a  poor  propulsive  choice  in  view  of  these 
findings.  The  average  effect  of  this  shape  variable  is  shown  in  Table  XV.  This  tabu¬ 
lation  quite  clearly  shows  that  the  losses  outweigh  the  gains  with  the  B6  shroud. 


TABLE  XV 

AVERAGE  EFFECT  OF  SHROUD  EXTERNAL  SHAPE  UPON  PERFORMANCE 


M 

T  NET  B6-3WT 
tNET  B1-3WT 

T  B6-3WT 

TB1-3WT 

C 

.992 

.990 

,1 

1.000 

1.00 

.2 

1.012 

.992 

.3 

.970 

.990 

.4 

.960 

.985 

.5 

.860 

.970 

8. 3h  Propeller  Planform 

The  effect  of  propeller  planform  on  performance  was  evaluated  in  the  basic  shroud  (Bl) 
with  the  3WT,  3NT  and  3R  propellers.  These  propellers  and  their  design  criteria  are 
defined  in  previous  sections  of  this  Volume.  The  pi  opellers  were  wide  tip  trapezoidal 
(3WT),  narrow  tip  trapezoidal  (3NT)  and  rectangular  (3R)  in  planform.  Each  propeller 
had  three  blades  and  each  had  the  same  total  activity  factor  or  power  absorbing  capa¬ 
bility.  The  3WT  propeller  was  designed  to  have  a  high  tip  thrust  and  power  loading 
while  the  3NT  was  designed  for  more  loading  near  the  blade  roots. 


The  net  thrust  and  propeller  thrust  ratios  for  these  models  are  shown  in  figures  165 
through  176  with  the  B1-3WT  model  as  the  "yardstick".  In  these  figures  the  thrust 
ratios  are  plotted  against  the  propeller  tip  width  to  diameter  ratio.  At  0,  .  1  and  .  2 
Mach  number  the  net  thrust  generally  increases  as  the  blade  tip  width  decreases. 
That  is,  the  B1-3NT  model  exhibits  the  highest  net  thrusts  for  these  Mach  numbers. 
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8. 3h  (Continued) 

There  is  an  exception  to  this  observed  trend  at  the  lowest  power  loading  for  each  of  the 
three  tip  speeds.  At  higher  Mach  numbers  B1-3R  at  M  =  .  30  and  B1-3WT  at  M  =  .40 
and  .  50  generally  produce  the  most  net  thrust  of  these  three  models.  The  propeller 
thrust  ratios  follow  a  similar  pattern  except  that  the  performance  of  B1-3R  and  Bl- 
3NT  is  generally  equal  at  the.  lower  Mach  numbers.  The  average  effect  of  propeller 
planform  on  net  thrust  and  propeller  thrust  is  shown  in  Table  XVI. 


TABLE  XVI 

AVERAGE  EFFECT  OF  PROPELLER  PLANFORM  UPON  PERFORMANCE 


tNET  B1-3NT 

tNET  B1-3R 

TB1-3NT 

t31-3R 

M 

T NET  B 1-3WT 

tNET  B1-3WT 

TB1-3WT 

TB1-3WT 

0 

1.007 

1.020 

1.017 

1.022 

.1 

1.007 

1.005 

1.020 

.993 

.2 

1.013 

1.008 

1.010 

.998 

.3 

.987 

1.017 

.99 

1.000 

The  loading  distributions  for  these  three  propellers  can  be  seen  in  the  total  pressure 
distributions  at .  05  and  .  30  Mach  numbers  in  figures  269  and  270.  The  loading  (H-Hoo) 
is  shifted  from  the  tip  for  B1-3WT  towards  the  root  for  B1-3NT.  Many  shrouded  pro¬ 
peller  design  methods  employ  free  vortex  axial  and  tangential  velocity  distributions. 

For  these  designs  the  axial  velocities  and  total  pressures  are  radially  uniform,  and 
the  propeller  planform,  to  accomplish  the  free  vortex  requirements,  is  usually  simi¬ 
lar  to  3NT.  None  of  these  propellers  represent  a  free  vortex  design,  but  the  velocity 
distributions  (figures  301  and  302)  and  total  pressure  distributions  (figures  269  and  270) 
for  3NT  do  come  the  closest  to  the  free  vortex  requirements.  The  3NT  planform,  how¬ 
ever  showed  only  mild  superiority  at  low  Mach  numbers  and  was  generally  inferior 
above  .  2  Mach  number  with  an  average  net  thrust  loss  of  over  5%  at  M  =  .  50. 

8. 3i  Number  of  Blades 


The  effect  of  number  of  propeller  blades  upon  performance  was  experimentally  evalua¬ 
ted  with  the  basic  B1  shroud  and  the  three  and  four  way  narrow  tip  propellers.  These 
propellers  were  designated  3NT  and  4NT  and  the  complete  models  as  B1-3NT  and  Bl- 
4NT  respectively.  Both  of  these  propellers  had  the  same  total  activity  factor,  and  the 
same  product  of  number  of  blades  and  blade  width  at  every  radius..  Furthermore,  the 
thickness  to  chord  ratios  and  camber  and  twist  distributions  for  these  propellers  were 
identical.  Therefore,  any  performance  differences  for  these  two  models  is  attributed 
to  the  number  of  blades.  / 
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8. 3i  (Continued) 

The  performance  comparison  for  these  two  models  is  shown  in  figures  177  through  188. 
Like  some  of  the  other  shape  parameter  comparisons,  these  figures  are  two  point 
plots  where  extrapolations  in  either  direction  could  be  erroneous.  The  "yardstick"  in 
these  figures  is  the  B1-3NT  model  and  Hie  thrust  ratios  are  thrusts  for  B1-4NT  divided 
by  the  thrusts  for  B1-3NT. 

The  average  effect  of  the  number  of  blades  upon  net  thrust  an-.l  propeller  thrust  is 
shown  in  Table  XVII.  Both  the  figures  and  the  tabulation  of  average  performance 


TABLE  XVII 

AVERAGE  EFFECT  OF  NUMBER  OF  PROPELLER  BLADES 
UPON  PERFORMANCE 


tNET  B1-4NT 

TB1-4NT 

M 

tNET  B1-3NT 

TB1-3NT 

0 

.978 

.980 

.1 

.990 

.982 

.2 

.998 

.996 

.3 

1.046 

1.020 

.4 

1.037 

1.012 

.5 

1.062 

1.033 

disprove  that  the  performance  of  a  shrouded  propeller  Is  unaffected  by  number  of 
blades  for  the  same  propeller  solidity  (same  total  activity  factor).  At  Mach  numbers 
up  to  0.2  the  effect  of  the  number  of  blades  is  much  the  same  on  the  net  thrust  and  on 
the  propeller  thrust.  This  Implies  that  the  shroud  thmst  is  nearly  unaffected  by  the 
number  of  propeller  blades  at  these  Mach  numbers.  Above  M  =  .  2,  however  the  net 
thrusc  superiority  exceeds  the  propeller  thrust  superiority  with  the  4NT  propeller  and 
the  associated  shroud  thrusts  are  higher  for  B1-4NT.  This  conclusion  is  impossible 
to  substantiate  with  momentum  concepts  but  will  be  thoroughly  evaluated  in  Phase  HI. 
Possibly,  the  propeller  induction  is  steadier  with  four  bladed  propeller,  thereby  pro¬ 
ducing  more  favorable  shroud  loadings  at  the  higher  Mach  numbers. 

Figures  177  vttrough  188  generally  show  that  up  to  M  =  ,2,B1-3NT  produces  the  most 
net  thrust  and  its  superiority  is  accentuated  at  the  higher  power  loadings  for  each  tip 
speed.  The  propeller  thrust  ratios  follow  a  similar  but  less  obvious  power  loading 
dependency.  Above  M  -  .  2  however,  neither  the  net  nor  the  propeller  thrusts  follow 
a  particular  power  loading  dependency  pattern. 

The  figures  depicting  the  velocities  and  pressures  for  these  models  are  rather  incon¬ 
clusive  in  their  support  of  the  performance  trends.  However,  the  tabulated  velocity 
and  nressure  data  in  Volumes  II  and  in  generally  substantiates  the  performance  trends 
for  equal  power  loadings. 


VIII- 20 


Hamilton  U 

Standard™ a”  ^ CO*PO,,‘TO~  hser  4348 


Tip  Clearance 

The  effect  of  propeller  tip  clearance  on  performance  was  investigated  with  the  basic 
shroud  (Bl)  and  the  three  way  rectangular  planform  propeller  (3R).  This  propeller 
was  fitted  w*th  fiberglass  tips  which  were  machined  off  in  two  increments  to  form  the 
3R1/2M  and  3RM  propeller  models.  The  nominal  radial  tip  clearances  were  .  038, 

.078  and  .168  inch  for  the  3R,  3R  l/2M  and  3RM  propellers  respectively. 

Figures  189  through  200  depict  the  effect  of  this  variable  upon  propeller  and  net  thrust. 
The  "yardstick"  for  these  comparisons  is  the  B1-3R  model  and  is  noted  in  these  figures. 
To  get  a  quick  estimate  of  the  effect  of  tip  clearance,  the  average  values  as  depicted  in 
figures  189  through  200  are  shown  in  Table  XVm. 

TABLE  XVIII 

AVERAGE  EFFECT  OF  TIP  CLEARANCE  UPON  PERFORMANCE 


PROPELLER  THRUST  NET  THRUST 


M 

B1-3R  M 

B 1-—3RM 

B1-3R  M 

B1-3RM 

0 

.985 

.955 

.980 

.975 

.1 

.985 

.965 

.990 

.990 

.2 

.995 

.980 

.995 

.990 

.3 

.970 

1.020 

.985 

.995 

.4 

.960 

.970 

.965 

.985 

.5 

.990 

1.040 

1.00 

1.00 

Tip  speed  and  power  loading  both  have  significant  effects  upon  the  thrust  ratios.  These 
detailed  effects  are  shown  in  the  figures  but  are  difficult  to  catagorize.  Generally  the 
figures  show  (hat  the  net  thrust  diminishes  as  the  tip  clearance  increases  for  Mach 
numbers  vp  to  .  2.  At  Mach  numbers  above  .  2,  however,  there  is  a  tendency  for  the 
net  thrust  tc  be  minimum  at  the  middle  tip  clearance  (B1-3R  1/2M).  In  fact,  much  of 
the  data  above  .  2  Mach  number  indicates  that  the  net  thrust  is  highest  with  the  max¬ 
imum  tip  clearance.  The  reason  for  the  apparent  superiority  of  the  larger  tip  clear¬ 
ances  at .  3  and  .  5  Mach  numbers  is  not  really  understood,  although  it  is  probably  due 
to  a  favorable  interaction  by  which  the  blade  tips  energize  the  shroud  boundary  layer. 
This  observed  phenomenon  will  require  careful  attention  in  the  Phase  III  investigations 
before  the  design  theory  is  finalized. 

The  propeller  loading  differences  for  these  three  tip  clearances  can  be  seen  in  the 
total  pressure  plots  in  figures  271  and  272.  These  figures  show  that  the  total  pressure 
increases  above  the  atmospheric  total  pressure  are  sustained  to  a  larger  radius  as  the 
clearance  diminishes.  The  velocity,  shroud  surface  pressure  distributions  and  shroud 
exit  static  pressure  distributions  figures  at  the  end  of  this  report  are  enlightening  but 
the  selected  data  does  not  offer  any  particular  support  of  the  observed  performance 
trends. 
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This  tip  clearance  investigation  has  shown  the  effect  of  clearance  to  propeller  diameter 
on  performance  by  reducing  the  diameter  of  a  given  propeller  in  the  B1  shroud.  It  is 
possible  that  the  tip  clearance  to  propeller  tip  chord  would  also  exhibit  an  effect  upon 
the  propeller  and  shroud  thrusts.  This  would  be  difficult  to  evaluate  without  introducing 
a  second  shape  variable  change.  That  is,  the  blade  tip  chord  could  be  changed  for  a 
given  clearance,  but  this  would  introduce  the  effect  of  planform,  number  of  blades  or 
propeller  total  activity  factor.  If  the  clearance  to  propeller  tip  chord  does  produce  a 
tip  clearance  effect  on  performance,  it  would  have  been  shown  as  part  of  the  effect 
which  was,  in  this  report,  attributed  to  propeller  planform  and  number  of  blades. 

Basic  Propeller  Without  a  Shroud 


o 


A  very  limited  amount  of  testing  was  conducted  with  the  basic  propeller  (3V/T)  without 
a  shroud.  Although  this  was  not  part  of  the  program  plan,  it  provided  some  very  in¬ 
teresting  results  which  are  shown  in  figures  201  through  203.  These  curves  show  ra¬ 
tios  of  uushrouded  propeller  thrust  to  net  thrust  and  to  propeller  thrust  (propeller  in  a 
shroud)  at .  05,  .  10  and  .  20  Mach  numbers.  At  each  point  on  these  curves  the  tip 
speeds  and  power  loadings  of  both  the  shrouded  and  the  unshrouded  propellers  were  the 
same.  The  blade  angles  shown  are  for  the  unshrouded  propeller,  while  those  for  the 
shrouded  propeller  varied  slightly  to  obtain  fixed  tip  speeds  and  power  loadings. 

Referring  again  to  simple  momentum  theory,  the  ratio  Tuns/Tnet  at  M  =  0  should  be 
.769  and  should  increase  as  the  Mach  number  increases.  Similarly,  the  ratio  of  Tuns/ 
T  at  M  =  0  should  be  1. 69  and  should  decrease  as  the  Mach  number  increases.  These 
ratios  are  r  arely  achieved  since  the  shrouded  propeller  tends  to  operate  nearer  to  its 
momentum  representation  than  does  the  unshrouded  propeller.  In  fact  figure  203  shows 
that  even  at  M  =  .1  the  ratio  Tuns/Tnet  is  less  than  the  static  momentum  expectation  of 
.769.  Furthermore,  figures  201  through  203  show  that  the  thrust  of  the  propeller  alone 
in  the  shroud  is  as  great  as  tire  thrust  for  the  unshrouded  propeller  (3WT)  at  M  =  .05 
and  .10,  and  only  diminishes  to  about  95%  of  the  B1-3WT  thrust  at  M  =  .  20„ 
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PRESSURES  AND  VELOCITIES 


A  considerable  number  of  flew  and  shroud  surface  pressure  measurements  were  made 
in  this  experimental  program.  These  data  are  completely  tabulated  in  Volumes  HI  and 
IV  of  this  report.  Figures  204  through  302  are  selections  from  these  data  where  the 
effect  of  test  conditions  and  model  shape  parameters  upon  the  flow  and  pressure  distri¬ 
butions  are  shown.  These  data  have  been  useful  in  developing  an  understanding  of  the 
performance  trends  and  will  be  used  in  developing  the  theoretical  method  in  Phase  HI 
of  this  contract. 

The  instrumentation  and  the  test  methods  have  been  described  in  the  Test  Methods  Sec¬ 
tion  of  this  report  as  well  as  in  Volume  n.  As  was  stated  there,  the  flow  and  pressure 
measurements  required  M  additional  testing  so  as  not  to  interfere  with  the  shroud  force 
measurements.  Because  a  gj.eat  amount  of  time  was  required  for  this  additional  testing, 
the  models  and  test  conditions  were  carefully  selected  for  this  aspect  of  the  program. 
These  test  runs  are  referred  to  as  "pressure  runs"  and  the  data  obtained  as  "pressure 
data, "  The  model  configurations  which  were  pressure  tested  are  defined  in  the  Wind 
Tunnel  Run  Log  in  Volume  n. 

These  figures  show  the  effect  of  RPM,  blade  angle  and  Mach  number  upon  the  velocity 
and  shroud  surface  pressure  distributions  for  the  basic  model  (B1-3WT).  The  effect  of 
many  of  the  shroud  and  propeller  shape  parameters  upon  these  distributions  is  shown 
for  selected  test  conditions.  The  data  were  used  to  define  propeller  thrust  and  power 
loadings,  shroud  friction  drag,  net  thrust  and  slipstream  contraction.  Several  exam¬ 
ples  of  this  special  usage  of  the  pressure  data  is  described  later  in  this  section  and  in 
the  Appendices. 

Shroud  Surface  Pressure  Distributions  -  CpL 


The  shroud  surface  pressure  distributions  Cp  are  shown  in  figures  204  through  231, 
These  curves  depict  the  CpL  distributions  at  L  M  =  .  05  and  .3.  At  M  =  .  05  only  the 
internal  shroud  surface  pressures  are  shown,  but  are  extended  to  the  stagnation  point 
on  the  outside  surface.  At  M  =  .  05  the  external  surface  pressure  coefficients  are  vary 
small  in  absolute  magnitude  relative  tc  the  internal  CpL  values.  The  test  points  shown 
on  these  figures  represent  the  average  of  the  values  measured  at  two  azimuthal  loca¬ 
tions.  These  two  readings  were  generally  in  good  agreement  but  exhibited  differences 
which  did  influence  the  shroud  integrated  axial  pressure  force.  These  differences  are 
discussed  to  some  further  length  in  Appendix  12.3.  In  closely  examing  some  of  the 
curves  in  figures  204  through  231  several  irregularities  were  spotted.  For  example, 
in  figure  207  a  CpL  inflection  is  shown  at  X  =  .  2  for  the  B4-3WT  model,  and  in  figures 
226  and  227  there  appears  to  be  a  pressure  fluctuation  between  X  =  .  2  and  X  =  .  25  for 


(1)  Shroud  exit  rake  total  pressure  and  propeller  inlet  rake  velocities  data  were  taken 
for  all  runs.  The  inlet  rake  velocities  taken  during  the  performance  testing  are  sub¬ 
ject  to  some  inaccuracy.  This  inaccuracy  is  described  in  the  Accuracy  of  Data  Section. 
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for  the  basic  model  with  inlet  vanes.  These  fluctuations  were  found  to  be  the  result  of 
averaging  the  two  azimuthal  Cp^  measurements.  That  is,  for  one  static  pressure  tap 
row  the  CpL's  do  not  exhibit  these  fluctuations  but  do  for  the  other.  Although  both  val¬ 
ues  were  generally  examined  before  the  average  was  taken,  several  irregularities  did 
find  their  way  into  the  curves.  In  the  cases  which  are  cited  here,  however,  it  is  not 
known  that  either  azimuthal  distribution  is  incorrect.  If  both  are  correct,  then  surface 
irregularities  or  flow  asymmetry  must  have  caused  these  surface  pressure  differences. 
The  overall  comparisons  for  which  these  curves  were  intended,  however,  are  still  gen¬ 
erally  valid.  For  detailed  information  derived  from  these  distributions,  special  atten¬ 
tion  should  be  placed  upon  each  test  point  as  it  was  in  the  determinationof  the  shroud 
friction  drag  in  Appendix  12. 3.  If  recourse  is  made  to  the  tabulated  date  in  Volumes  III 
and  IV,  two  details  that  affect  the  correlation  between  the  plotted  and  tabulated  values 
of  CpL  found  there  should  be  noted.  First,  the  tabulated  values  for  runs  654  through 
704  are  in  error  by  a  constant  Cp  value  of  .  06.  That  is,  .  06  must  be  added  to  each 
tabulated  Cp^.  Secondly,  in  the  comparisons  for  all  other  pressure  runs,  the  date 
were  corrected  to  the  nearest  nominal  Mach  number  before  plotting.  That  is,  if  a 
pressure  run  Mach  number  was  0. 055  for  one  model  and  0. 05  for  another,  the  Cp^  val¬ 
ues  at .  055  were  corrected  by  a  constant  multiplier  equal  to  the  ratio  of  the  squares  of 
the  test  to  nominal  Mach  numbers. 

These  figures  depict  the  shroud  surface  pressure  coefficient,  CpL  =  Pl-P  /q  ,  plot¬ 
ted  against  nondimens ional  shroud  axial  location  (X  =  axial  length _ ).  The  val- 

,  ,  ,  ,  .  .  shroud  chord  length 

ues  of  X  which  are  of  special  geometric  or  physical  significance  are  (1)  X  =  ,1875  de¬ 
notes  the  end  of  the  shroud  lip  contour  both  internally  and  externally  except  for  the 
short  chord  shroud  (B7)  for  which  this  X  =  .  25;  (2)  X  =  .40  denotes  the  propeller  axial 
position  for  the  pressure  runs,  and  the  propeller  disc  extends  from  about  X  =  .  35  - 
.45;  and  (3)  X  =  .  50  denotes  the  diffuser  entry  axial  location.  Almost  without  exception 
CPl  exhibits  noticeable  changes  at  these  locations.  Tracing  a  distribution  from  the 
leading  to  trailing  edge  along  the  inside  surface  the  following  trends  are  observed;  (1) 
the  surface  pressure  declines  steeply  from  the  leading  edge  to  a  minimum  value  near 
X  = .  05;  (2)  the  pressure  then  increases  until  the  end  of  the  lip  is  reached  (X  =  .  1875); 
(3)  the  slope  of  the  pressure  increase  diminishes  slightly  from  X  =  .1875  to  about  X 
=  .  35  for  which  length  the  inside  shroud  surface  is  parallel  to  the  flow  axis;  (4)  the 
pressure  rises  sharply  from  X  =  .  35  to  X  =  .45  at  M  =  ,05  depicting  the  pressure  rise 
of  the  propeller;  (5)  the  pressure  rise  slope  then  tapers  off  and  is  continuous  and 
smooth  to  the  shroud  trailing  edge. 

The  shroud  surface  pressure  coefficient  curves  show  increased  suction  pressures  on 
the  inside  lip  surface  as  the  propeller  loading  is  increased  through  higher  blade  angles 
and  higher  RPM’s.  At  M  =  .  3  the  suction  pressure  on  the  outside  lip  surface  diminishes 
as  the  loading  is  increased  (figures  213  and  214).  A  very  good  measure  of  the  relative 
propeller  thrust  loading  can  be  seen  by  the  magnitude  of  the  pressure  jump  across  the 
propeller.  In  fact,  a  check  of  the  propeller  thrust  magnitude  from  this  pressure  jump 
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agreed  well  with  the  measured  propeller  thrust  for  run  #138  (figure  222).  The  mea¬ 
sured  thrust  for  run  #138  was  290  pounds  and  the  thrust  deduced  from  the  pressure 
measurements  was  300  pounds. 

All  the  pressure  coefficients  at  M  =  .  05  quite  clearly  show  the  trailing  edge  static 
pressure  to  be  very  close  to  the  atmospheric  static  pressure.  That  is,  Cp^  is  very 
close  to  0  at  the  trailing  edge  of  the  shrouds.  The  assumption  that  Pl  =  P<*>  is  very 
common  in  many  of  the  simpler  performance  theories  and  in  fact  was  the  foundation 
assumption  for  Hamilton  Standard's  generalized  performance  handbook  PDB  6220 
(reference  ).  Whereas  this  assumption  seems  to  be  quite  well  borne  out  at  low 
Mach  numbers  its  validity  is  not  as  good  as  the  Mach  number  increases.  The  CpL 
plots  indicate  an  average  trailing  edge  value  of  about .  25  for  Mach  numbers  between 
.  3  and  .  6.  Although  reading  a  CpL  =  .  25  is  beyond  the  curve  accuracy  at  M  =  .  05, 
the  traverse  probe  static  pressures,  to  be  discussed  later  in  this  section,  bear  out 
that  Pl  is  close  to  Poo  at  low  Mach  numbers. 

Of  the  shape  parameters  investigated,  area  ratio  exhibited  the  greatest  effect  upon  the 
distribution  and  upon  the  magnitude  of  Cp^.  At  both  .  05  and  .  3  Mach  number  the  lip 
suction  pressure  is  greater  for  the  B4-3WT  (1. 3  area  ratio)  model  and  as  should  be 
expected  more  diffusion  is  accomplished  in  the  1.3  area  ratio  diffuser. 

The  effect  of  propeller  planform  upon  CpL  indicates  the  most  inside  surface  lip  suc¬ 
tion  for  the  rectangular  planform  propeller  (3R)  at  M  =  .  05  and  for  the  wide  tip  trape¬ 
zoidal  planform  propeller  (3WT)  at  M  =  .  3.  At  M  =  .  05  there  is  considerably  more 
diffuser  pressure  recovery  with  the  narrow  tip  propeller  (3NT). 

The  shroud  length  effect  is  somewhat  obscured  in  the  plots  because  of  the  shift  in  the 
pertinent  X  locations.  However,  at  M  =  .  05  the  shorter  chord  shroud  produces  more 
inside  surface  lip  suction  than  the  basic  shroud  and  has  a  higher  rate  of  diffuser  pres¬ 
sure  recovery. 

The  other  model  shape  parameters  generally  exhibit  rather  minor  effects  upon  Cpl* 

The  distributions  on  the  external  i.broud  surface  are  shown  for  the  higher  Mach  num¬ 
bers  and  generally  exhibit  less  dependence  upon  model  shape  and  test  conditions. 

Shroud  Exit  Plane  Total  Pressures 

Figures  250  through  271  show  comparisons  of  shroud  exit  plane  total  pressure  distri¬ 
butions  for  each  model  at  two  Mach  numbers.  Further  comparisons  are  presented  for 
the  basic  model  to  show  the  effect  of  blade  angle  and  RPM.  These  curves  depict  the 
difference  between  exit  total  and  free  stream  total  pressures  (H-H»)  in  pounds  per 
square  inch  plotted  against  the  fractional  distance  from  the  rotational  center  line  to 
the  shroud  trailing  edge.  These  total  pressure  differences  are  a  good  measure  of  the 
propeller  loading,  as  is  discussed  in  Appendix  12.4.  The  total  pressures  were  measured 
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on  a  fixed  shrouded  Kiel  probe  rake  with  twenty  five  pressure  taps.  Each  of  these 
points  was  used  in  drawing  the  curves  but  only  every  other  one  was  symbolized.  Ex¬ 
cept  near  the  centerbody  surface  these  measurements  usually  agreed  very  well  with 
those  taken  during  the  pressure  runs  with  the  traverse  probe.  Due  to  the  skewed  flow 
near  the  centerbody  the  traverse  probe  is  probably  the  better  of  the  two  measurements. 
However,  so  that  the  effect  of  every  model  could  be  shown,  the  exit  rake  pressures 
were  chosen  for  these  curves.  The  test  run  number  is  shown  for  each  curve  so  that 
force  measurements  can  be  correlated  with  the  pressure  distributions. 

Basic  Model 


Figure  252  shows  the  effect  of  propeller  blade  angle  (e)  upon  total  pressure  for  M  =  .  05 
and  N  =  7500  for  B1-3WT.  For  a  fixed  RPM  and  Mach  number  the  power  loading  in¬ 
creases  as  the  blade  angle  increases,  and  therefore  this  curve  shows  the  effect  of  pow¬ 
er  loading  (e)  upon  H-Hoo.  At  9  =  15u  the  loading  (H-Hoo)  falls  off  beyond  Xe  =  .  70  while 
at  25“  it  increases  smoothly  to  about  Xe  =  .  9  and  then  falls  off  quite  sharply  thereafter. 
The  tip  fall-off  is  characteristic  of  both  the  propeller  loading  and  the  diffuser  pressure 
loss.  At  0  =  30“  there  is  a  very  prominent  hump  in  the  distribution  starting  at  X  =  .  70. 
The  humped  distribution  was  observed  frequently  at  the  low  Mach  numbers  beginning  at 
about  7000  RPM  for  the  higher  blade  angles.  For  these  conditions  where  the  humped 
distributions  were  observed,  the  propeller  thrust  and  power  coefficients  changed  no¬ 
ticeably  from  the  expected  trends  and  from  the  trends  established  at  lower  RPM's  and 
blade  angles.  The  effect  upn  Cp  and  Ct  can  be  seen  in  the  plots  of  these  coefficients 
in  Volume  n.  An  interaction  of  airfoil  compressibility  and  stall  are  believed  to  be 
responsible  for  the  peculiar  H-Hoo  loading  distributions.  A  very  similar  effect  is  shown 
in  figure  250  for  a  fixed  blade  angle  (30“)  and  Mach  number  (.  05)  while  the  RPM  was 
varied.  The  humped  distribution  at  N=  7500  is  the  same  as  in  figure  252.  This  curve 
shows  that  the  hump  is  not  present  as  5500  RPM  and  is  barely  noticeable  at  6500  RPM, 

Figures  251  and  253  are  analogous  to  the  two  figures  just  discussed  for  M  =  .  30.  Here 
the  RPM's  are  lower  as  they  would  likely  be  in  a  loiter  or  modurate  speed  cruise  con¬ 
dition.  The  effect  of  power  loading  (9  and  RPM)  is  again  shown  in  the  magnitude  of 
H-Hoo ,  but  the  humped  distribution  Is  no  longer  present.  For  these  curves,  and  for 
most  of  the  remaining  total  pressure  distributions  at  M  =  .  3  or  greater, the  root  values 
of  H-Hoo  are  less  than  zero.  This  was  not  generally  true  with  the  traverse  probe  total 
pressures  which  are  believed  to  be  more  accurate  for  skewed  flow. 

The  effect  of  the  model  shape  of  the  total  pressure  distribution  is  the  most  pertinent 
characteristic  to  observe  in  these  curves.  Where  small  differences  exist  in  the  mag¬ 
nitudes  of  H-Hoo  it  must  be  realized  that  they  could  be  due  to  slight  differences  in  power 
absorbed  or  thrust  produced.  That  Is,  for  a  fixed©  ,  N  and  M,  power  and  thrust  are 
not  necessarily  and  in  fact  are  not  usually  the  same  for  different  models. 
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Area  Ratio 

In  almost  every  respect  area  ratio  has  the  greatest  effect  of  any  of  the  shape  variables. 
Figures  256  and  257  show  the  effect  of  area  ratio  on  H-Hoo  at  M  =  0. 05,  Q  =  30°,  N  = 

7500  and  at  M  =  0.3,0  =  38°,  N  =  5500  respectively.  Both  figures  show  that  the  greatest 
magnitude  of  H-Hoo  occurs  for  the  lowest  area  ratio  and  decreases  as  the  area  ratio  in¬ 
creases.  Figure  256  shows  that  the  humped  distribution  at  9=  30”  only  existed  for  the 
1. 1  area  ratio  shroud  model.  For  this  model  (B1-3WT)  the  axial  velocities  are  con¬ 
siderably  lower  than  for  the  1. 2  and  1. 3  area  ratio  models.  The  lower  velocity  would 
tend  to  produce  blade  stall  but  would  also  ter.c  to  reduce  blade  relative  velocities  and 
ease  the  compressibility  effect  if  stall  were  not  present.  Whereas  both  stall  and  com¬ 
pressibility  are  believed  to  be  responsible  for  the  H-Hw  humps,  in  this  case  (he  stall 
tendency  seems  to  predominate. 

The  start  of  the  total  pressure  decay  begins  at  about  the  same  value  of  Xe  for  each  area 
ratio  (.  90  to  .  95  depending  upon  Mach  number).  This  is  a  good  indication  that  the  flow 
was  as  well  attached  for  the  1.3  area  ratio  as  for  the  1.2  and  the  1.1  area  ratio  shrouds. 

Shroud  Lip  Shape 

The  effect  of  the  shroud  lip  shape  on  the  total  pressure  distribution  is  shown  in  figure 
254  at  M  =  .  05  and  figure  255  at  M  =  .  30.  At  M  =  .  05  the  basic  shroud  total  pressures 
are  consistently  5  to  10%  higher  than  for  B2-3WT.  The  reason  for  this  difference  is 
not  obvious  since  the  propeller  thrusts  and  powers  were  nearly  identical.  Figure  255 
at  M  =  .  3  shows  very  similar  pressure  magnitudes  with  two  H-K»  cross  overs  at  Xe  =  . 
.4  and  .725.  No  particular  significance,  however,  is  attributed  to  these  two  crossovers. 

Shroud  Length 

Figures  260  and  261  indicate  that  at  both  .  05  and  .  3  Mach  number  the  shorter  chord 
shroud  model  (B7-3WT)  produced  lower  magnitudes  of  total  pressure  than  the  basic 
model  fiom  Xe  =  .  6  to  Xe  =  1. 0.  The  propeller  in  the  shorter  chord  shroud  produced 
about  2.  5%  less  thrust  at  M  =  .  05  and  5%  less  at  M  =  .3,  aud  most  of  these  differences 
can  be  seen  in  the  higher  tip  values  of  H-H»  .  The  comparisons  between  those  two 
models  is  likely  to  be  more  affected  by  the  propeller  test  rig  blockage  than  the  com¬ 
parisons  for  most  other  models.  The  proximity  of  the  shroud  trailing  edge  to  the  test 
rig  is  different  for  these  two  models,  with  B1-3WT  being  three  inches  closer.  It  is  not 
believed,  however,  that  the  effect  of  the  test  rig  blockage  would  be  manifested  as  a 
change  in  total  pressure  at  the  outer  radii.  If  the  blockage  was  of  a  significant  mrgni- 
tude  it  would  change  the  propeller  loading  and  the  total  pressures  at  the  root  sections. 
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Shroud  External  Profile  Shape 

There  is  no  discernible  difference  in  the  total  pressure  distributions  for  the  B1-3WT 
and  B6-3WT  models  at  either  .  02  (figure  258)  or  .  3  (figure  259)  Mach  number.  Since 
H-Hoo  is  primarily  affected  by  the  propeller  loading  and  shroud  internal  shape,  the 
similarity  in  these  distributions  was  expected. 

Propeller  Position 

The  effect  of  propeller  position  within  the  shroud  is  shown  in  figures  262  and  263  to 
have  only  a  small  effect  upon  H-H*  .  At  both  .  02  and  .  30  Mach  number  there  is  a 
crossover  in  the  distributions.  These  are  the  only  other  two  models  (BI-3WT  and 
B5-3WT)  which  were  expected  to  be  affected  differently  by  the  propeller  test  rig  block¬ 
age.  The  B5-3WT  shroud  trailing  edge  is  three  inches  closer  to  the  test  rig  than  Bl- 
3WT.  However,  there  is  no  evidence  that  the  test  rig  affected  the  total  pressure  dis¬ 
tribution. 

Propeller  Tip  Clearance 

The  effect  of  propeller  tip  clearance  on  the  H-Hoo  is  shown  in  figure  271  at  M  =  .10 
and  figure  272  at  M  *  .  30.  In  both  figures  the  highest  total  pressures  occur  for  the 
minimum  tip  clearance  and  diminish  as  the  tip  clearance  increases.  It  is  worth  noting 
again,  however,  that  these  figures  represent  total  pressure  distributions  for  a  constant 
propeller  blade  angle  for  which  thrust  and  power  are  generally  different.  Presumably 
if  thrust  or  power  were  held  constant  these  comparisons  would  be  somewhat  different. 
In  both  figures  the  drop  off  in  total  pressure  near  Xe  =  1. 0  is  accentuated  as  the  pro¬ 
peller  tip  clearance  is  increased. 

Propeller  Planform 


The  propeller  planform  shape  directly  affects  the  propeller  loading  distribution,  and 
therefore  this  variable  produced  a  very  marked  effect  upon  H-Hoo  ,  as  shown  in  figures 
269  and  270.  Although  it  is  theoretically  possible  to  design  the  three  planforms  to  pro¬ 
duce  the  same  loading  for  a  chosen  condition,  this  was  not  done  for  these  models.  The 
wide  tip  planform  propeller  (3WT)  was  designed  to  have  a  high  tip  loading.  The  rectan¬ 
gular  planform  (3R)  and  the  narrow  tip  planform  (3NT)  propellers  were  designed  with 
sucessively  lower  tip  loadings.  The  differences  between  the  xe  =  .  9  and  Xe  =  .  5  val¬ 
ues  of  H-Hoo  presented  in  Table  XIX  show  the  effect  of  planform  upon  propeller  loading. 
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TABLE  XIX 


MODEL 

PLANFORM 

(He— Hoo)  M=  .05 

(He  -  Hx>  )  M  =  .30 

B1-3WT 

WIDE  TIP 

.44 

.135 

B1-3R 

RECTANGULAR 

.32 

.060 

B1-3NT 

NARROW  TIP 

.04 

-.020 

B1-4NT 

NARROW  TIP 

.06 

-.020 

The  four  way  narrow  tip  propeller  (4NT)  is  also  shown  on  these  curves.  This  propeller 
has  the  same  planform  shape  as  3NT  but  the  chord  widths  are  reduced  by  twenty-five 
percent. 

Number  of  Propeller  Blades 

Figures  264  and  265  both  show  that  the  total  pressures  for  the  4NT  propeller  are  high¬ 
er  than  for  the  3NT  propeller,  although  the  shapes  are  quite  similar.  The  exit  rake 
total  pressures  are  timo  averaged  values  and  as  such  the  measured  pressures  would 
not  be  a  reflection  of  the  instantaneous  or  local  pressure  differences  attributed  to  the 
number  of  blades.  The  large  difference  shown  at  M  =  .  30  is  attributed  to  a  nearly  30% 
increase  in  propeller  thrust  and  power.  The  large  thrust  difference  is  believed  to  be 
due  to  a  blade  angle  setting  error.  For  the  same  thrust  or  power  the  two  distributions 
would  be  very  nearly  the  same. 

Exit  and  Inlet  Vanes 


The  effect  of  exit  vanes  is  shown  in  figure  268.  The  definition  of  the  sense  of  the  vane 
angles  is  shown  in  figure  12.  The  exit  vanes  were  representative  of  shroud  support 
members  aad  as  such  were  untwisted  and  uncambered  with  constant  chord  airfoils. 

The  shape  of  the  distributions  are  nearly  the  same  for  the  basic  model  and  for  the  basic 
model  with  the  exit  vanes  set  at  10”,  0U  and  -5U.  There  is  an  apparent  increase  in 
H-H<»  for  0U  and  ~5U  settings  which  is  not  seen  in  the  performance  comparisons. 

The  effect  of  inlet  vanes  at  M  =  .  05  is  shown  in  figures  267.  The  total  pressures  are 
highest  for  a  positive  10u  vane  angle  setting  and  diminish  as  the  angle  reduces  to  0U 
and  -10 This  trend  is  in  agreement  with  the  performance  trend  which  shows  that 
both  thrust  and  power  Increases  as  the  inlet  vane  angle  becomes  more  positive.  This 
trend  is  to  be  expected  since  the  propeller  experiences  higher  angles  of  attach  as  the 
inlet  vanes  are  set  positively  and  hence  produces  more  thrust,  power  and  total  pressure 
rise. 
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In  figure  266  the  effect  of  both  inlet  and  exit  vanes  is  shown  at  M  =  .  30  with  the  vanes 
set  in  a  neutral  position.  Although  there  are  some  differences  in  these  H-H»  distri¬ 
butions,  there  is  no  apparent  correlation  between  these  differences  and  the  measured 
performance. 

Shroud  Exit  Plane  Static  Pressures 


The  shroud  exit  plane  static  pressure  distributions  are  shown  for  the  "pressure  runs?1 
in  figures  273  through  285.  The  static  pressures  were  measured  on  the  three  dimen¬ 
sional  traverse  probe.  The  form  of  presentation  is  exactly  like  that  used  in  the  shroud 
exit  plane  total  pressure  distributions  where  the  effects  of  test  conditions  and  model 
parameters  are  shown. 

A  common  assumption  in  many  shrouded  propeller  theories  is  that  the  shroud  exit 
static  pressure  is  uniform  and  equal  to  the  atmospheric  pressure.  This  is  a  very  con¬ 
venient  assumption  in  simple  momentum  theory  since  it  defines  the  propeller  wake  as  the 
shroud  exit  and  allows  a  ready  solution  to  the  momentum  equations.  The  theory  cur¬ 
rently  being  developed  in  Phase  in  generally  predicts  a  static  pressure  in  excess  of  Poo 
at  the  shroud  T.  E.  This  theory,  then,  implias  that  there  is  slipstream  contraction. 

The  curves  in  figures  273  through  285  directly  show  the  relationship  of  the  exit  static 
pressure  to  the  free  stream  value  in  plots  of  Fe-Poo  vs  Xe,  and  like  the  theory,  gen¬ 
erally  indicate  a  static  pressure  in  excess  of  Pco » 

Expressed  nondimens  tonally  as  (Px-Poo  )/qoo  the  static  pressure  differences  (based 
upon  the  average  exit  static  pressure)  are  quite  similar  at  all  Mach  numbers.  The 
values  of  this  coefficient  generally  fall  between  .  20  and  1. 0  except  for  the  1. 3  area 
ratio  model  (B4-3WT).  For  this  model  the  exit  pressure  coefficient  is  negative  at 
M  =  .  05  and  about  one  half  the  magnitude  of  the  pressure  c;  .-.fficient  for  B1-3WT  at 
M  =  .4  and  .  5.  When  Ps-Pco  is  positive  the  propeller  slipstream  has  overexpanded  and 
must  subsequently  contract  in  the  ultimate  wake  where  the  static  pressure  again  be¬ 
comes  atmospheric.  For  the  1.3  area  ratio  shroud  model  the  negative  values  of  Ps-Pbo 
at  M  =  .  05  indicate  that  the  slipstream  will  continue  to  expand  beyond  the  shroud  trail¬ 
ing  edge;  and  the  lower  positive  pressures  at  M  =  .4  and  .5  indicate  that  the  slipstream 
will  contract  less  than  for  the  1.1  area  ratio  shroud  model. 
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Axial  Velocity  Distributions 

Radial  distributions  of  axial  velocity  were  measured  at  two  shroud  locations.  (1)  A 
fixed  pitot  static  rake  was  placed  4. 28  inches  upstream  of  the  propeller  centerline  to 
measure  axial  velocity  distributions  there.  The  ten  static  taps  on  this  rake  were  or¬ 
iented  radially  so  that  they  were  in  the  centers  of  equal  annular  areas.  The  arithmetic 
average  of  these  ten  velocities  represents  the  volume  flow  average  velocity  (*).  The 
dimensional  details  of  this  velocity  rake  are  shown  in  figure  n-2  of  Volume  II.  (2)  A 
traversing  probe  was  placed  at  the  shroud  trailing  edge  plane  to  measure  flow  direction 
and  magnitude.  This  probe  is  shown  schematically  in  figure  n-4  in  Volume  n.  The 
traverse  probe  measurements  of  axial  velocity  were  not  taken  at  centers  of  equal  annu¬ 
lar  areas.  The  inlet  axial  velocities  are  shown  in  figures  232  through  249  and  the  exit 
axial  velocities  in  figures  236  through  302.  The  inlet  velocities  generally  show  a  con¬ 
siderable  amount  of  data  scatter,  especially  at  the  lower  Mach  numbers.  For  these 
distributions  (figures  232  through  249)  only  the  "pressure  run"  data  was  used  so  that 
the  inlet  rake  time  lag  could  be  avoided. 

The  effect  of  blade  angle  and  rotational  speed  (RPM)  has  a  large  effect  upon  the  mag¬ 
nitude  of  both  velocities  as  is  shown  for  the  basic  model.  Figures  236  and  289  show 
the  effect  of  flight  Mach  number  upon  the  inlet  and  exit  axial  velocity  distributions. 
These  show  that  in  general  the  exit  velocities  aj*e  less  than  the  free  stream  velocities 


(1)  The  velocities  were  evaluated  using  compressible  fluid  dynamics  and  represent 
the  weight  flow  average  velocity  for  density  assumed  to  be  constant  with  radius. 

viz.  w=  S  PnABVn 

n  =  1 


V  average  = 


W 


=  V„ 


- -  p  A 

n  =  1  n  n 


a»d  pAV/1  pAn 

n  =  1  n  =  1 


since  =  A2  = 
and  if  P  =  P2 


10 

10 


then  V2 =  10~  !,  Vn 

n  =  1 
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8.4d  (Continued) 

and  that  the  two  measured  velocities  are  not  in  proportion  to  the  shroud  exit  area  ratio. 
The  first  of  these  observations  implies  that  there  must  be  a  slipstream  contraction  for 
the  net  thrust  to  be  greater  than  zero.  ^  The  second  observation  merely  indicates  that 
the  flow  cannot  be  treated  as  incompressible  if  good  correlations  are  expected. 

Treated  compressibly,  however,  the  mass  flow  checks  are  quite  good. 

"Pressure  run"  configuration  velocity  distribution  comparisons  are  shown  for  selected 
Mach  numbers  and  RPM’s.  The  exit  velocity  distributions  are  quite  similar  in  shape 
to  the  total  pressure  distributions  due  to  the  near  uniformity  of  the  static  pressure  dis¬ 
tributions.  The  distributions  of  velocity  at  the  inlet  and  exit  are  quite  different  in  many 
cases  indicating  that  there  was  a  significant  radial  shift  in  flow  streamlines. 


(1)  Since  Tnet  =  AeVe  (Vjet-Voo  ),  Vjet  must  be  greater  than  V°o  for  Tnet  >  0  and 
therefore  Vjet  >  Vexit  and  the  slipstream  contracts. 

(2)  Sample  relationships  between  Vexit  and  Vinlet  for  compressible  flow  - 


Mexit 

Avg  V2  for  A4/A2=l,l 

Avg.  V2  for  A4/A2=l.  3 

V2/Ve  for 

V2/Ve  for 

Vefps 

Me 

V2  for  A4/2  =1.1 

V2  for  A4/A2=l.  3 

A4/A2=l.l 

A4/A1  =1.3 

200 

.179 

220 

262 

1.10 

1.31 

400 

,357 

449 

554 

1.122 

1.383 

600 

.536 

700 

choked 

1.167 

- 

700 

.625 

962 

choked 

1.373 

— 
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LIST  OF  SYMBOLS,  SUBSCRIPTS  AND  DEFINITIONS 
List  of  Symbols 

A  Shroud  inlet  open  area,  sq.  ft. 


b 

BHP 

C 

°lD 

C 


D 

D 

P 

Fd 

H 

h 

M 

N 

n 

P 

R 


Shroud  open  area  directly  ahead  of  propeller,  sq.  ft. 
Shroud  open  area  directly  behind  propeller,  sq.  ft. 
Shroud  open  area  at  shroud  exit,  sq.  ft. 

Blade  width,  inches 
Propeller  Shaft  Horsepower 
Shroud  Chord  length,  ft. 

Propeller  Blade  Section  Camber 
Power  coefficient,  P/  ®  p5 
Thrust  Coefficient,  T/pn2  p4 

Pa  -  P 

Shroud  surface  pressure  coefficient,  1/2  "pv2 

00 

Internal  diameter  of  shroud  at  propeller  plane,  ft. 
Diameter  of  propeller,  ft. 

Shroud  friction  drag,  lbs. 

Total  Pressure 

Blade  section  thickness,  inches 
Mach  number 

Propeller  rotational  spetxi,  rpm 
Propeller  rotational  speed,  rps 
Static  pressure,  psi 
Radius,  ft. 

Radius  to  propeller  or  shroud  station,  ft. 
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T 

V 

X 

G 

r 

p 

p< 

p 


dx 

dx 


Thrust,  lbs. 

Velocity,  fps 

Non-dimensional  distance;  for  radial  distance  r/R;  for  shroud, 
percent  chord  from  leading  edge 

Blade  section  twist,  degrees 

Circulation 

Viscosity 

Air  density,  sea  level  standard  day,  slugs /ft3 
Air  density,  slugs /ft3 

Elemental  Power  Coefficient 

Elemental  thrust  coefficient 

Slope  of  shroud  camber  line 
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Subscripts 

a 

e 

exit 

i 

O 

1 

NET 

s 

UNS 

ZETA 

1 

2 

3 

4 

00 


axial 

shroud  exit 

shroud  exit 

inside  shroud  surface 

outside  shroud  surface  « 

local  shroud  surface 

Combined  propeller  and  shroud  thrust 

shroud 

Unshrouded  propeller 

Flow  pitch  angle 

Plane  at  shroud  leading  edge 

Plane  of  shroud  directly  in  front  of  propeller 

Plane  of  shroud  directly  behind  propeller 

Plane  at  shroud  exit 

Free  stream  conditions 
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(Continued) 

Definitions 

Area  Ratio  -  The  ratio  of  the  open  area  at  the  shroud  exit  to  the  open  area 

at  the  propeller  plane. 

Propeller  Position  -  Defined  as  the  distance  of  the  propeller  plane  of  rotation  from 

the  leading  edge  of  the  shroud  divide  by  the  shroud  chord. 


Shroud/Chord  -  The  overall  length  of  the  shroud  divided  by  the  internal 

Diameter  Ratio  diameter  at  the  propeller  plane. 


Tip  Clearance  -  The  ratio  of  the  nominal  clearance  between  the  tip  of  the  blade 

and  the  inner  surface  of  the  shroud  divided  by  the  shroud  in¬ 
ternal  diameter  at  the  propeller  plane. 
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COMPLETE  MODEL  WITH  SPINNER  AND  INLET  VANES  INSTALLED 


FIGURE  2 


•'«cr**.*prztrv«xrt* 


Hamilton  U 

Of  VISION  OF  UNITED  AIRCRAFT  CORPORATION 

Standard  p®  hser  4348 


HS  SHROUDED  PROPELLER  TEST 

SCHEMATIC  REPRESENTATION  OF  SHROUDS 
AND  PROPELLER  TEST  RIG 


ALL  SHROUDS  <IW£  A 
NOMINAL  INTERNAL  DIAMETER 
ID)  OF  JO  INCHES  AT  THE 
PROFELLER  PLANE  AND  A 
CONSTANT  PROPELLER  HUB 
DIAMETER  ID),) OF  73  INCHES 


SERIES  16  DIFFUSER  AREA  PATIO  •  1.3 

AREA  RATIO*  l.l 


FIGURE  3 


Hamilton 

Standard 


U 

oiviskx  of  uNireo  aircraft  corporation 

fi® 


HSER  4348 


CO  § 

W  p 

r*  => 

a 

PC  2 

(1*  w 

.  J  Q 

•J  O 

*  p 

CL  <f 
O  * 
flC  n 
CL  2 

Q  * 

m  o 
o  x 

§  o 

o  § 

o:  o 

JE  x 

«0  « 


CO 

X 


Q 

QC 

o 

I 

o 

h- 

z 

IU 
o 
o : 

UJ 

o. 


X 


FIGURE  5 


Hamilton 

Standard 


DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


Hamilton  U 

_  Division  op  uniteo  fci#»C»*PT 

Standard 


Hamilton  U 

OIVtSOM  OF  UNITED  AIRCOAFT  COPPOWATlOJ 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


Hamilton  U 

__  OIVISOM  OF  UNITED  AIRCRAFT  CORPORA  TON 

Standard  A®  hser  4348 


HS  SHROUDED  PROPELLER  TEST 

MODEL  BLADE  CALCULATED 
CIRCULATION  DISTRIBUTIONS 


FIGURE  10 


Hamilton 

Standard 


U 

OlvisoM  or  unitec1  Aiocn.rr 


cobpohation 


HSER  4348 


K$  SHROUDED  PROPELLER  TEST 

PROPELLER  AND  VANE  ANGLE  SIGN  CONVENTION 
WHEN  VIEWED  FROM  VANE  OR  BLADE  TIP 


h— CENTER  LINE  OF  SHROUD 
I  AND  PROPELLER  TEST  RIG 


o 


FIGURE  12 


Hamilton 

Standard 


U 

AIPCHA! 

ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

BARE  PROPELLER  TEST  RIG  WITH  SHROUD  SUPPORT  SYSTEM 


FIGURE  13 


Hamilton 

Standard 


U 

DIVISION  OP  united  AIRCRAFT  CORPORATION 


ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

TEST  RIG  WITH  THREE  WAY  RECTANGULAR  PROPELLER 


FIGURE  14 


Hamilton 

Standard 


U 

DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

SHROUD  DIFFUSER  AND  EXIT  VANE  INSTALLATION 


FIGURE  16 


Hamilton  U 

Division  OF  united  aircraft  corporation 

Standard  p®  hser  4348 


HS  SHROUDED  PROPELLER  TEST 

REAR  VIEW  OF  COMPLETE  MODEL  SHOWING  EXIT  VANES 
AND  EXIT  RAKE  INSTALLATION 


FIGURE  19 


Hamilton  U 

Division  of  united  aircraft  corporation 

Standard  P®  user  4348 


HS  SHROUDED  PROPELLER  TEST 

REAR  VIEW  OF  SHROUD  WITH  DUMMY  SIDE  ARM  INSTALLED 


FIGURE  20 


Hamilton  U 

DIVISION  OP  ONITEO  AIRCRAFT  CORPORATION 

Standard  A®  hser  4348 


HS  SHROUDED  PROPELLER  TEST 

BOLT  DAMAGE  TO  FIBERGLASS  TIP  OF  RECTANGULAR  BLADE 


FIGURE  21 


Hamilton  U 

__  DIVISIONS  OP  UNITCO  AiPCPAFT  CORPORATION 

Standard  ft® 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I -»  FT  TEST  SECTION 
VARIATION  OF  NET  THRUST  PER  HORSEPOWER  WITH 
POWER  LOADING  FOR  THE  BASIC  CONFIGURATION,  BI-3WT. 
TIP  SPEED-  980  FPS 


HSER  4348 


FIGURE  22 


Hamilton  U 

— ^  Ol VISION  OF  UNITED  AIRCRAFT  CORPORATION 

Standard  q@ 

HSEH  4348 

ittfeus:: 

i|!5||||!ff||s 

rn::H:::: 
.’"};:it:umis:: 


••• »•»••••••« !!!!! t*'il 

,1  '( 

b*Dssooft«f  ••••!  *®£.t 
. . . 


fiiHiEiiSH 


BHP  (Po/P) 


FIGURE  23 


Hamilton 

Standard 


Otv  SON  OF  UNITED  *l»C»AFT  COPPOPfcTON 


HSER  4348 


Hamilton 

Standard 


DIVISION  OF  UNlTC'J  AIRCRAFT  CORPORATION 


HSER  4348 


Hamilton  U 

__  Division  op  united  aircraft  corporation 

Standard  fl®  hser  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-8  FT,  TEST  SECTION 
VARIATION  OF  NET  THRUST  PER  HORSEPOWER  WITH  POWER 
LOADING  FOR  THE  BASIC  CONFIGURATION  BI-3WT 


0  8  16  2  4  32  4  0  48  56  64 

BH  P(P0/P) 


D2 


FIGURE  26 


Hamilton 

Standard 


U 

DIVISOR  OP  UNITEO  AIRCRAFT  CORPORA TtON 


fi® 


*7**m ,  -rn 


rv*m&ZJ^ar*re» 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-8  FT.  TEST  SECTION 
VARIATION  OF  NET  THRUST  PER  HORSEPOWER  WITH  POWER 
LOADING  FOR  THE  BASIC  CONFIGURATION  BI-3WT 


TIP  SPEED  *654  FPS 


BHP(/>0/fl 


FIGURE  27 


Hamilton 

Standard 


Oivrso*  OF  ONITCO  AIBCBAFT  COBPOSATION 


HSER  4348 


HSER  4348 


Hamilton 

Standard 


U 

AIRC»A 

fl® 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT  TEST  SECTION 
VARIATION  OF  PROPELLER  THRUST  PER  HORSEPOWER  WITH 
POWER  LOADING  FOR  THE  BASIC  CONFIGURATION,  BI-3WT 

TIP  SPEED  -  915  F  PS 


BHP  ( fj  / P ) 


FIGURE  29 


HSER  4348 


Hamilton 

Standard 


U 

Divisor  of  UNITED  aircraft  cOOW^ation 

fi® 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT  TEST  SECTION 
VARIATION  OF  PROPELLER  THRUST  PER  HORSEPOWER  WITH 
POWER  LOADING  FOR  THE  BASIC  CONFIGURATION,  BI-3WT 

TIP  SPEED  •  785  FPS 


T 

BHP 


3.2 


2.8 


2.4 


2.0 


I.G 


IF 

ipHil 

SB 

•Hi; 

IF 

H31 

1 

3? 

n 

MS 

spnpjj 

iS 

\ 

mi 

I 

W 

ffl 

if 

if 

:Hiii 

.  1  L:  \i 

5bb3! 

■ 

ip 

IS 

1 

Hill! 

Hi 

K£ 

ii 

liii  HK 

Ii 

i 

& 

i 

1 

1 

iji; 

i 

iiii: 

itiii! 

iataliatii 

::::::::: 

m 

0m. 

::::: 

IKK 

m 

HUSH 

ii 

MIC 

it:n 

HtH 

IKK  UK] 

isiU 

sm 

i 

pKggg 

li! 

i 

Si 

r: 

1 

sim 

ekk: 

iiii::::: 

HiH 

p 

M 

il 

m 

a. 

i 

3l";Xn 

E|*3fS:j 

inni 

ms 

fibs 

1 

II 

1 

IiH! 

1 

iSSf 

Hi 

iniamai 

::::::::: 

mu 

ii 

jsiH 

::::: 

II 

nip 

nui 

IKK 

si 

n 

i 

1 

ii 

1 1 
IJ 

ii 

ii 

00 

iii::: 

:::::::::: 

...j...... 

1 

ii 

m 

ii 

Hi 

Hi 

KK« 

!!H: 

ir| 

ii 

i 

111 

in 

pi 

Hi 

P 

iiii 

1K54I 

iaKIj 

:::::::::: 

m 

- 

m 

gi 

p 

mm 

IH 

KKJ 

kHj 

m 

8S 

ciu. 

1 

1 

ms 

II 

i 

i 

Hi 

isttsnttBs 

111 

xi 

ill 

P 

1 

ii 

I 

ii 

SiS 

:uk 

jiii 

iiii 

i 

iiii 

:::: 

iiii; 

•aaaaaaaat 

iff 

mr 

mi! 

•nii 

: 

ii 

S3 

Hi? 

iiii 

jgjjjjj! 

Hi!! 

gKKjjjSK 

::: 

:H 

1 

fi 

ii 

iiii! 

iii: 

:::: 

SHiiH::: 

:::::::::: 

ill 

i 

m 

mil 

i 

ii 

m 

Ii 

•His 

Hip 

m 

Hili 

Jp 

pi! 

::k 

n» 

iii 

iii 

m 

m 

li 

ill 

ii! 

tCKaaaaa* 

liiii 

mi 

ii 

z*« 

S5 

mil 

pi 

Hfii 

Hi 

M 

jp  jjjjj 

ii! 

ill: 

:::: 

liHHiii 

i 

it* 

iuj 

SJ: 

ii 

ini 

iiii 

HiL 

i:5: 

ifHiilil! 

PI 

5i  r 

ib: 

§ 

1 

iiii! 

i 

ii 

:k:: 

:*\k 

si 

inti 

ijKij::: 

i 

mm 

i: 

Hr 

II! 

i  i 

iilil 

is! 

s:ss 

:::: 

kkiiik; 

:::kkk 

hr 

liii 

s 

Ih 

i  UK 

liiii 

g! 

i 

my 

ii 

ill; 

M 

M 

ii 

;  jpii 

il 

iHikii; 

iii 

m 

HI! 

iiixijeuik 

Hsidisiir 

iii 

::: 

i 

i 

ii 

4 

il 

HHi 

:::: 

iii: 

III! 

Iii! 

HHii 

1 

1 

S3 

il 

Uli 

i 

iji; 

i 

m 

Hi 

ill 

S3 

my 

ter 

•it! 

::::i 

*8 

mini 

shp 

Hiiliin 

iiii  sill 

iiii 

h| 

HI 

: 

[ 

Kit 

EH 

j|L 

:: 

: 

iii- 

Lj 

IKK 

iiili 

iiii; 

eh! 

iiii 

r:s: 

k:: 

it:;: 

iii: 

:::: 

MSS 

ISSSSi 

: 

m 

P 

1 

11 

KIM 

liiii 

mm 

<■:? 

SIB 

Ssi 

[5H: 

miim 

p 

iiiiHiii 

j 

i 

i: 

m 

: 

OH 

i 

:::* 

iii 

iii: 

1 

rill 

iui 

m 

1! 

pH 

m 

IP 

IKK 

il 

SUM 

!  Sr 

iip 

Hi 

inHiHii! 

ij 

iii 

:  I 

\  j 

Iji 

ii 

Hi 

i 

SlliSi  ii; 

iiiilii  i 

i 

m 

il 

i 

i 

i 

1 

Iff 

i 

m 

IP 

li 

Hi 

His 

iiili 

inn 

ii 

iSi.9i? 

its 

!! 

|ljj 

iiH 

ii 

|p 

i 

H 

Pi 

| 

i 

Oi 

I?! 

M; 

Kii 

1 

iii 

mr 

! 

iiiiiiiiii 

55 

liiiillii 

1 

Iiili!  I 

ii 

•nii 

l»» 

1 

i 

ii 

|| 

III 

••p 

s 

i 

IP 

1 

iHn 

Pi 

ii 

HI  iiii 

! 

iii 

m 

ii 

;  a 

: 

i  : 

iii 

j 

ii: 

Lii 

fi! 

Hi 

Or 

I 

ii-; 

;s:s 

Iii  i 

i::{:  Hi 

55!:  : 

:  : 

:  : 

i  k! 

IS 

m 

i 

li 

m 

mtt 

i 

ii 

m 

Hi 

ii 

s 

li 

IP 

1 

liii 

hi 

ip 

liiii  iiii 

liii 

if 

i 

ipriiii 

■  11 

S 

ii 

r 

i 

w> 

il 

iPii 

til 

iii 

ill 

iii: 

uu 

iii! 

illit  iii 

:::::  :k 

il 

■  55  : 

IP  i 

nil 

iiifi 

ii 

m 

Hi 

mm 

ii 

m 

I 

1 

Hit 

1! 

HI 

s 

•iii 

SB 

51 

:u 

•Hi 

iu: 

!153m:; 
»:::  k: 

i  ::::  : 

!  ii 

m 

iiS 

m 

mu 

Hi 

il 

li 

PH 

i  i 

mm 

m 

mnnHiilHi 

III 

y 

1 

1 

III 

liii 

iii  iii 

•  •si; 

il 

p 

m 

im 

p 

KjKUftx 

H 

nui 

961 

BUI 

m  jhs 

ii 

1 

111 

KB! 

i 

f»ii 

ii 

iiiiiHiii 

i  55:  : 

hiHixli 

K 

hni 

SB 

HSi 

Hi  !H.^ 

ms 

HsS: 

is: 

IKy 

ii:::  ::: 

1  55  : 

ij 

jjjjS 

i 

m 

ill 

il 

» 

ii 

Hiii 

1! 

amp 

ii 

ip 

mmm 

A* 

i  : 

i 

Oi 

iii 

::: 

: 

HSI 

nni! 

pi 

m 

m 

ii 

in 

Hill 

icuciKt: 

jjjjj 

P 

il 

era 

ii 

i 

iiii! 

1 

l 

Hi 

tin 

uus 

iii 

IS 

jliji  III 

:JN 

n 

!i 

i 

i 

m 

I 

HiS 

ill 

ffii 

Hi 

Ill 

m 

UK 

1 

Hi 

OS 

B 

Kaai  ::: 

RKJ  k:i 

m;;? ; 

iJ 

M  i 

ii 

v 

ill 

ii 

m 

ii 

mm 

i 

>1111 

1 

1 

ITS 

jpr 

IIP 

ini: :::: 

5355  m; 

iSJj 

m 

iiii 

m 

HI 

.  >i 

mm 

‘ir 

US 

in 

Hfjl 

i 

ii 

1 

mm 

I 

h! 

iii! 

ii 

os 

iUi 

i:5!  5i 
:::::  ::: 

|  !!!j  p 

0.8 


0.4 


8  16  24  32  40 

BHPU/P) 


48 


56 


64 


FIGURE  30 


Hamilton  U 

DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 

Standard  p®  user  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I  -  8  FT.  TEST  SECTION 
VARIATION  OF  PROPELLER  THRUST  PER  HORSEPOWER  WITH 
POWER  LOADING  FOR  THE  BASIC  CONFIGURATION  B!  -  3WT 


BHP  (Pq/P) 
D2 


FIGURE  33 


■'  n  «• 


Hamilton 

Standard 


(' 


U 

>  AIRCR 


CHVISION  or  V-  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

RATIO  OF  NET  TO  PROPELLER  THRUST 
CONFIGURATION  BI-3R  1/2 M 
N=  7000 


Hamilton 

Standard 


U 

Division  of  unitco  aircraft  corporation 

fi® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

RATIO  OF  NET  TO  PROPELLER  THRUST 
CONFIGURATION  BI-3NT 
N=7000 


FIGURE  38 


Hamilton 

Standard 


Hamilton 

Standard 


U 

OIVISIO  •  OF  ONITf  D  A*RCBAFT  CO«PORATlON 


fi® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

RATIO  OF  NET  TO  PROPELLER  THRUST 
CONFIGURATION  B2-3WT 
N=7000 


FIGURE  40 


Hamilton 

Standard 


U 

DIVISION  OF  UNI-tO  AIRCRAFT  CORPORATION 

ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

RATIO  OF  NET  TO  PROPELLER  THRUST 
CONFIGURATION  B3-3WT 
N*7000 


FIGURE  41 


Hamilton 

Standard 


a  VISION  Of  UNITCO  AIRCRAFT  CORPORATION 


HSER  4348 


Hamilton 

Standard 


DIVISION  OP  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


Hamilton 

Standard 


U 

OIVISION  Of  UNITED  AIPCOAPT  CO«PO«ATION 

ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

RATIO  OF  NET  TO  PROPELLER  THRUST 
CONFIGURATION  B7-3NT 
N=7000 


FIGURE  45 


Hamilton 

Standard 


U 

Otvrson  OF  ONITCO  aircraft  corroraton 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3R 


TNET 

TNET  basic 


FIGURE  46 


Hamilton  U 

OtVlSKDM  OF  UNITED  AIRCRAFT  CORPORATION 

Standard  ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


Hamilton 

Standard 


DIVISION  OF  UNITED  AIRCRAFT  CORPORATOR 


KSER  4348 


Hamilton 

Standard 


DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3RM 


I  —  3  S  ■  3SSS  S  333———  ■  SanS  33333  CSSS  3S333  33333  33553  33333  53353  5— ! 

1  — B—  IBB—  »■»»«  !■■■■  jiuagiuiiM 


me  sssa 

:ss:ssss 


3  SSS 


isssni 


;iKin;Si!nK:ni:B;ai:i5a::;SgiS£ 

. . 


sss 


laaiviaaai  ■■■■■■■■■■  laaxiaai 


«SSSmSSSwSE 


Ill . 


B!RSS!;„.SS!S!RSHH!S!B!SHB!5HB!H!!!SR!51s:,.r1:isassKsassK;  ,, 

■aaaa aaaaa  iaaaa  — a—  aa— aaaaaa  naiiHaanaaiiaiini laaaiaaa—  aaaaiiaaai  aaaaai»aaaiaaa aaaaaa— aaaaal  iamaawti 

^^R8sssBasS!S»Snffi9M^BBSBBSsi»8sSS!l 

■  aa— aaaaaa— ■■■■■•»  aaaaa  aaaaa  aaaaa aaaaa  aun  aaaaa  ■■■■■——  taaaiiaaai aaaaa  ■  ■■■■  —a— —a—  aMaaMH aaaaa  a— —a— 

I . .  ■■■■■•■■>■  aaaai— a—  aaaaa  aaaaa  laaiiiaaM  raaaaiaaaa  aaaaa  a  a  mm  laaimm  it  -i  i  ra  a  Ttl  maf  f  ~rl 

|l3I3S3I3313333333333I5333III33I33Iaaa533S3333S33iI33S33SS3I3I3S33S31Ba3Bi35— 535355553— S3  B5—  35333—— 

llliiiliiiiliiili® 


aaa  aaaaa  aaaaa  aaaaa  anal  aaaaa  aaaaaaaaaa  ■aaaaanaa  aaaaa  laaaiauSiaaaaa  ■ 

■VI— aaaaaa aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa naaaaaaaaaaaaaiiaaa ■ 
I  aaaaaaaaaa  aaaai  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aa  an  aaa  v  ■  .  laaiaaiaiRlilMI 

■——Mg— air  -aan  aaaaaaaaaa  uaaaa'  a  aaa  i  aa— i  aaaia  a—aa  a 


— — — aii 


?SH®*** 


BHiaaaaaiaalPWIIIVWIVIIIIMMP^^W^n 

■I* aaaaa aaaar ..aaaa  aaaaaaaaaa uaai  aaaaaaa.aaal 

taaiaaaa  aaaat -aaal  aaaaa  aaaaa  a— a  . . 

MHMaaaaaaaaaaaaa*  ......  . .  laaiaaaaiiaiaiiaaaHiaaaaaiinMHaiaaaaaaaaiaMaaaaBi 

a  a aaa aaaai a a aaaaa a'  aaaaaaaaaa a..  —  aaaaa '-■■a aval  aaaaa aaaaa aaaaa ana aaaaa a a aaaaa aaiaa aaaaa aaaai iiiaa Mai 
laiaaaiBiaaaaaiii' a  aaaaa aaaaa aaaaaa..  -  «ai-  aa  aaaai aaaaa aaaaaaaaaa aaaaaaaaaa aii— —aai aaaaa aaaaa — ii 

|  aaaaaaaaaa aaaa  aaB.  ■ — —  — .aaaa aaaaa  Baa— a— a  aaaaa aaaaa aaaaaaaaaa  a a aaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa 

I aaaaa aaaaa aaaaa aaa a  !""— 355—333533333535533— 35  ■533SaS3SSa555!3a3ia  55555  iS555a3553iS5— aaaaSaSS— aamalSfSaaaa—SiSSSSl 

Lsiis:::: 

mii  aaaa<aaia||||||U||||||a||a|au|||U|uu|||U|a|u|a|U|aau^a|U||||||u||||||SM|||||u|||auMl 


aaaaaaaaaa  aaaaaaaaaa  aaaaaa at 
■■aaiiaiii aaaai aaaaa iBaaaaai 


•  aaaa aaaai ■■■■•■■a  j  aaaaa >aaai laaaa aaaaa iaaaa iaaa  aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaai aaaaa aaaaa aaaaa aaaaaa«aaa aaaaa — aairi 

::::::::: 


■Mayniii  ibbmh  aaaaaaaaaa  aaaaaaaaaa  aaa— aaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaai 
■•aaaaaaaaaa  -  —  a  aan  aaaaaaaaaa  aaaaaiaaaaafe— a  aaaaa  aaaia  aaaaa  aaaaa  aiiaa  aaaaa  aaaaa  iaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaai 

a— aa aaaaa iaaa  aaaai . . . .  Baa— aaaa— ia— a— •— aa|— aiaaa— Si— Siiap— — 

■aaa— gaaaa— —ait  matsmi  a  aaaaa  aaaaa  aaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  iaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaiM  aaaaai 
■  iaaaa iaaaa  aa— a iaaa  aaaaa laaaa aaaaaaaaaa aaaaj iaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaa aiiaa aaaaa aaial iaaaa  i 


aaaaai 

gagSil 


—aa—— 3  a— —aaaai  aaaaa  aaaaa  aaaaa  aaaaa  aa— a  aaaaa  aXaaaaaaa  aaaaa  a  aaaa  aaa  aaa  aaaa  a  aaaai 

ia—a  iaaaa  a  iaaa  aaaai  iaaaa  iaaaa  aaaaa  aaaa  a  aaaai  ia— a  aaaaa  aaa—  aaaaa  aaaaa  iaaaa —aaa  aaaaai 
iaaaa  aaaaa  — aaSaa—S  aaa— aaaaa  —  art  iaaaa  aaaai— aaa  aaiaa  a— aa  aaSaiaaCai  aaaaa  aaaai  aaa—  ■ 


TIP  SPEED=9I5FPS 


laa iiaiiiaai 
laa ■•aailtai 
■Maaaaaliaaai 

■  •aa  — aaCaaafa! 

■  •aaaaaaa— ala* 


a— 31 

iiili 

2522! 


mac 

•aat 


■  ■■ana— ■  laaaiaaa  ai  aaa— iiaai  aaaaa  aaaai  aaaai 


laaaalSaaaSa!— 335— 333  3553333353  ■SSSSSaasS  333  3  3  53333  35—5  55353  «5el3  53333  3353335333  aaSSi 

■aa  aaaaa  aaaai  iaaaa  —3—  aaaaaaaaaa  iaaaa  aaaia  ■— aa  aaaaa  aa— i  ■—  ail— a— aSSIaM— fiiiiil— 


liafl 


S3!— SSSSSaaaaSSSaOSaa—SSSaSaSSSSSSSS  i—aiaSSai  "iSSSSaa—  3355—53—  SSilSiS!S!!!l|iS?i5ii»i* 

■  ■ 33353 35S3S33S3! aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 55 353 aaaai 355*535533 aaaaaaaaaa 55333  ibSSiib  — 

■■  laaaai— wMaaai  aaa— —a  aaaa— a  a— alia— a  — iiaaai  aaaai  iai—  •■■—■■■■■  f —aaiiaai  a— a 


I  ■  a  aai aaii 

■ . . 

■•■aaa aaaaa aaaaai 
■  aaa— —in —aaa  i 


— I— — a— aga— a— ■liglaaaaaaaa— aaaaa— aaaaaaaaaagaaaai— —aa— a— aaaaaaaai—aaaa— —aaa— ——■■■a—^aiiaaaj  —aa  aaaa 

iSSSaiSSSS  3i!S33aS33S«3S333— 3  SaSSSSSSSi  SISSSSSSSi —SSS  35— ■  35553— S3!  33333  SSSSS  SSSSS! SSS!  5533333333  35b!3 3353b  3555*535! 

HSSSSSRKSSSSSSSStSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSHtSSSSSSSSSSSSSSSSSSSSSHsSSSSSSSSKSKSSHSSnSSrSSS:" 


S3  SiSaSSiSSS  ibi!!!"9^*— »5i3J3ii —2""  353S!  SSSSS— S5SSSS3SS!  S33SSS33S3  35S35I5533 135—55—3  355555535 

:::::::::nr.r;;i%;33:3333333:3K«3:^::::::--;;.ra-^r^::-:;:::-^:;!K::B33s:33:::ss3::i333::u:3S3: 

i—  —  •— —aa.  ■— a  aaaaa  - .aa— laaiBB—— aaa  a—  ....  -a—.  -a— r— ii  Ft— iiaaai  —f— iaili  afi— aaaa&a—  aaiaai 


I—25S  ■  aaaaa —aai  —  aaaaaaaaaa  a— —a— —aaa— III  la— a  aaaai  is—  aa— la—  — aaa  aaaaa— aaa aaaaa aaaaa  i— •— aa  aaaaa 


ill 


■IjiliM 

is 

m warn  s» 


III 


r: 


bum  wmm 
I  n  i  ie  nil  mm\m 

I  HBiiill 
H  111  Sill 
■  iiii 

f  iiili 


SSSiiiiiiaiauMi; 


Ipippiiiiiiiiifii 


FIGURE  50 


USER  4348 


Hamilton  U 

CHVtSON  OF  UMlTCO  AIRCRAFT  CORPORATION 

Standard  Q® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  1-8  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3NT 
TIP  SPEED  =  654  FPS 


HMIHtmnta  a. 

. . .  •  • 

*•«•••  aaaa  aaaaaaaaaa 

MMMMiaMflMIMHF--" 


IlMMHtinS!! 


••••••»••• 

unat>»iaat>ai aaaaaaaaaa 

aaaaaaaiii'  .la»MHH)Miail>!aaiiaa»>au>naain»in<li»manlunia>HIMua»»M>«aaaaianaNiMMMIH 

^joiaiuuiiliaHaaiaHMrataBaaaaaiaaaiaalariiiiaaBtaiMiaiaHaaiaaiatiaaaaaaataaaaiaaaMBaaaianaiaaaMMaaanaBil 
iiHaaaaafaaaaaaBBaaaaiaattaaaaaaaiB-aa*  aaaaaaaaaa  nnaaBaaaaaaaaiaiMaaaaaaiatiaaaaaaaaaiaaaaaaaiail 

ia«fl«a*»MraaaaBaaa*t*B**iiaH  »i  inaifaiaMaaMMaaii  a^  bbbi  uaaaann  aaaaa  aaaaa  aaaaa  >«a*<  aaaattiinl 

■nim  aamaBBiiaraa.BaBBi  HaHaauiaauiaan'SaaaSaSaa!  •  ••  JJ {■■■>  *•■•••■•••  jyp *■  aBJaijaMi  aaBBiaiava | 

W  laii'aila  aaaa!  aaaaa  aaaaiaaaai  aaata  aaaaa  aaaaaaaaaa  aaaaaaaaa*  aaa? a  ••  •••”••••••■•  aaaaaa  St* 

o...  *  a.,  .aaa  laaa  aa  aaaaa  aa^aa  aar.aaaiaaai  . . .  >  .•  B-.  .  .  .  a-aa . a . . . .  aa 

■MBaaa^HnaaiaalaaaaanaaaKiaaU'aBat'BaaBaaaaaaMaiiaaHiainaaaanjaBiaBaaiaiaBaaaaaHBaMlaaBMaaaaaaaMjfnaBaiaial 

, -  HI  aaaaa  aaaaa  aaa aaaaaaaaaaaaaaaBaaaaaaaaaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaJ 

aa  aa  ra  aaaaaaaaaaaaaaailaaaaiaaiaiaaaaaaaaaaaaaaaaauaiBaaaaaaaBBaBaaaaiBiaaiaaaiaiaaaaAaa 
aaa  la  aaalaaaiaaiaaaBBa  a  a  aaa  aaaaa  aaaajaaaaa  aiBtaaafti 


|BaaaaaB|BaaBasiii8aal 

IifaHHaaaaaaaaaBtB'  aaaal 

^^■aaaiBaaaiaaa  aaia^pi 

[aaaa  a  aaaaa  aa  aaa  aaaaa  'miibIIiIimbbm 

.  . .  iBaaa  aaaaa  ib  -  »  *  | 

baa  a  a  a  a  a  a  a  aaaaa  a  a  a  ai  aaaaa  aaaaa  a  aaaal 
^ja  aaa  a  aaa  a  a  a  aaaa  aaaa  aaaaaSAHH 


a^aaKaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaanaSaaaaaa^aaaaaaaa^aaaaaatat  Jaa 

IHMMMilUUllMIUIIIMlMMiltillV  aaaa  ■auaaayy|| 

■  a  aaaaaaaaaa  aaaaaaaaaa  ••**••••*•  lanaaal 

La  aaa  aaa  a  aaa  a  aaa  a  aaa  a  a  m>*BaaB*a«kBB«a 


■  •a . . . alia 


TIP  SPEED  =  785  FPS 


■  a. aaa  aaiiia aaaa aaaaa  aaaaa  aaaaa aaaaa  aaaaa  aaaa  a  aaa  a  a  aaaaa  aaaaa  aaaaa  aaiai aaaaa  aaaaa  aaaaa  aaaaa  atfcaaaaaaaaaaa 
-  - aaaaaaaaaaa  aaaaa aaa  a a  aarla  aaaaa  a Bbbi a a aaJtaaaa a  aaaa  aSaaa  aaaa a" aaaa aaa aaa aaa a  aaaaa aaaaa  aaaaa  a aaaa aaaaa aaaa 

- aaaaaaaaaaai  aaaaa  aaa^a  aaaaa  a«aaa  oaaaaa aa ••••••• aaaa o  • >a iaae ••••••• aa »•  . . . 

|*iigiiiil4«iiB*VBiaiiBiiiiiiiii«B»BiMBiikiiB*Bi*iBMiiiBBDi*iinBiBBi  UBusasBi  nBaBiMM  >aia*mliiBaiaaiiBiaBiaiaiiiapaaaiaiaaaaBkaaiaia 

K***  aaa  a  a  aaaaa aaaaa aaaa* aaaaa a aaaa ••••• aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa laaa a aaaaa  aaaia  aaaaa  aaa  aa  aaaaa  iBiHBiMBHIMHuBBi'laMIBi  aaaaa  aaaa 
aaaaa  aaaaaaaaaa  iialgiaaBi  iiaBaaim  aaaaa  aaaaa  . . . . . . . . . 

—  -a  aaaaaaaaaa  aaaal  **********  |**»a****a  aaaaaaaaaa  ****a^**a*a*a|*»**a**a**a*a*  aaaaa***  aaaaaaaaaa**  **********  **********  aaaaaaaaaa  aaaaaaaaa 

a a*  °^a a* a a aaa? ”•*••*•* aaaaaaa aaa* a aaa a* aaa a* a aaa* aaaaa aaaa ••£•*••*•**••••• •••***£**• ••*•!■***• aaa aaaaaaa aaaaa ••**-■ 

a  Biiaaa.  a aaaaa.  'a aaaa aaaaa aaaa a  a aaaa aaa aaa aaaa aaaaa aaaa a aaaaa aa aaa •aa*a**a*a*t**aaa*ai*a***a*a**a*aa**aa*******| 
—  .aaaaaaaaaa-  *aiaai.  “aa  aaaaaaaaaa  aaaaaaaaaa  a aaaa aa aa aa aaa a aaa aa  aa a a  * a aaaa aaaa ~ aaaa a aaaaa*! aa aaaaa aaaBB«aa* ..... ■ 

.  ’lUlIJ!""!"!  •  Jb  J..a«B»a 

BaaSttCKaa  .  i  aaaa**:  Maataaaa  aaa  aaaa  aSa3aMaSaaa*?**SSSSaaaaSSaaaSSaaaaaaaaaSaaaa«''>*aaa  aaaaaaaaaa  aaaaaaaaaa  aaaa  aaaa  a*  aaaaa  aaaaa  aaa] 

■a* *******  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaa.-_  -B*BBBiiiSMBiaB8iiB«B,^wniiiiiB.aafaNBaiaiaaiwiaiaaiaaai«aaNiaiNHH 

. . . . MlMIBBaBBSBl  IlIBBBI  IBBSlBBIBB  BlBBaiBIM  •IIBIII«ll  BBBBBBBBIBBBa. - 

**•*••••«• a***a*aa*a ********** aaaa*a*B»*aa**B*a****a*aaaa**** ********** ****BaBa*aB***a*a**aa*Baa*aai**fe»*****aa aaaaaaaaaa a*a*a*«a*a aaaaaaaaaa I 

aaaaaaaaaa  aaaaaaaaaa  aaaaaaa  aaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaa — - -  - - - - - -  - - 1 

J aaaa aaaaa  **•.•••••■ aaaaaaaaaa  aaavK  a aaaa a aaa ■ a aaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa ^a 

!l^fli{ffm!!?Smi!?5i8iSi8iiiiB5SwiSii8MSiill5SISSi*Mi3liiS!5l?|i»ISS?liw||Sa8BBl 

aa.aaaaaBB  ■■iiiniii  '1**11'**'  •  ••  *  •  bbibb  Baa  "JJm!  i'.BaaaBa!a!aa!!u!!aiaBM)a!!aaMaa”li!!!Maaih!MaaaaM!|Baaa“aaia!BaBaaBa>!>aaa'aBal 

*  ****"*'*■!  aaaaaa'  aaa  aaaaa  ataaa  aaaa  laaa  aa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaa  I  *!3aa  a - , - -  -  - - 

. 

K aaaa a aaaaaaa a aaa a aaa aaaaaaa aaa a-  aaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa a a ******** *•••***••* aaaaaaaaaa **aaa*aaa*****aaa**aa*a*a*aa*al 
■  •aaaaa  aaaaa  aaaaa aaaaaaaaaa aaa» a aaaa a aaaaa aaa aaaaaaa aaaa a aaa aaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa! 

— - - ••BBllBBBI.B^IBBBBBBBailllBBBBaaB  .  B  BB  BB  I  BB  ll  B  •  >•>>  B  B  BBBB  >l»  ll  1  B>  IO  <  BB»  B  >BB|  BBB  BB  B  . . . .  BB.  |  B>  BBBB  BlBBBS  BBBB.  l(Bn  I 

.  . . . . Bl.llll  . . . . . . . . IB . . 

m - - - -  - - - - - - --BBIBUI  iBB|IBBBBlBlBBIBBBBBIBBl|ISlBBIBBBBBBBBBf|IBBBBBlBBBBBBIBIlBBBBBBBIBBBIBBlBBBl  £  "  9  9  a  a  «  ■  o  B  «  ia  *  0  ®  ®o 

BllBBlBBBBBBBBBBBSBBMaBBBBBBBBBBBBIBBBBB  BBflBBlBBB  BBB3B|bBBB  BBIBBIBbIB  IBBBBBBB  9*  ISBMBBBIB  BIlBI  BlBn  a  »  aT£  BBl  IB  ■  IBBB  BBBBB  BBBBOBbSbB  BbBBIBBB 
■  ■........a  i.BaaBBBBBlBBBBBBaaa  iBBBiBBBa'  ib*****"*”*""**.**********^.!*.1***"**.*  «  a  a  a  a  a  aa  aa  **aaaaaa 

•  ■a  aa  SK  aaaa  Kbbbb  a^.aBaas-  BaaaaaaaaaBaaaaaaa 

H  aaa  aaaaa  aaaaa  aaaaaaa  aaaa  a  a  aaaa  aaa  aaaa1  aa  aaaaaaa  la  a  . . BBaaaaiBBBfliBBiiDBiaBBmBBBBaBiBiBBBiBBafflBBBBBiBBiBflBaiBiBBiHaaBaaBaaiaaBBaaaBB| 

■  ■•■a . .  . . . Bill . * . . . . . . . . . I 

1  aaaaaaaaaa Baaaaa aaaa •(•••*•••« bibbbi  . . . — . . . . . .^........■■■■a.........<.....i 

|ataaBBi«BBBHBBBBBi  a  B  a**,*  a  aa  a  aa  aa  a  aaa  aft  a  aaa  a  a  aa  aa  aaa  aa  aa 


TIP  SPEED  -  915  FPS 


I  ijjiiiinnjupnin 

■ 

nnrira 


|ajaaaaaaaaa 


••*•*••  aaa 

aaaaaaa  aaa 


nil 

■ill 

aaaaaaa  >|b 

lii-iki 


aaaaaaa  aaaaa’ 
■  -  ••••■••aaa 


•a»«i  i 

:::::  i 


iiHiii 


m 


aaaaaaaaaaaaaaaa  -  - . ■ 

BmSBBBBBBBBClBBIBIBBBBBlBBIBBBBBBB 

••••aaaaaaaaaaiaaiaiaaaaaaaaaaaaakta 

aaaaa*aaaaaaaa^aaaaaaaaaaaaaaaiaaaa 


^Haaaliu 


iliilliilllili 


HHHHHHHMn 


iiiiiiilj! 


SiiflBBfflmnsssis 

aaaiaa.aaa.a-.  "•*•*•'  -mb'  ..aaaaa* 


KIVU 

ssnhH 

|:Si 


E3:i::c::nf 


Ijlljg 

imiiiiiiiyii 


pa 

im 


BHP  (Po/P) 


FIGURE  53 


Hamilton 

Standard 


U 

DIVISION  Of  UNITED  AIRCRAFT  CORPORATION 

fi® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-4NT 


FIGURE  54 


qjc  UNIl»-'>  AlftCSAFT  COPPO«*TlON 

Standard  P® 


HSER  4343 


HS  SHROUDED  PROPELLER  TEST 


PHASE  1-8  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  81  -  4NT 
TIP  SPEED  =  654  FPS 


. . . . (ai^^ 


■  Baaaa...Ba.^B  >.». 


issstsssssEj 


. . aaaaa aaa.aaaaa.  Baaaaa»..a 


.a  a aa.a a aa.a  aaaaa  aaaaa  a aaa a ..aa a  i 


I  ..■■■.■■■I.KSIItlB] 

I  BB.aaBBaaa.BB.a; 

■  aaa..a«a  aa  aaaaal 

■■Haa... . . 

»  9C  8BMT 


........ .a. .a.aaa.aai 

iimiw  .<■  uni  ■■AitnUaH|iiiiHM»i  1 

IUV«’  MnSatll 

■  -•  4  m.o«  las. 

i«nii-  inini -  m  r - 

-  . - ***TiTf ?i TT" ■  ■  7 TTlT ■ 

.  '■a>.a.«*aa*|A. 

. . MM.  -*«>.ir4«l 

■PlnaitjiiiiMijiJJiijijjj-MiMj 


gp 


•  ■  »  >  ..."  a  .  »-B. B...I 

(•«« 


::::« 


. 


kla«a  ■•..•aa.Mi.It  aa aaaaa  a-aaaa.aaal 

.....  •  a  .  • 

PtlPIWIWIfflfmifflfffllWWIWIft.  ....fMiHIMa......  .....fl.a......  .aa.iaiaaai^yyi. 

I  aMiMMU/l.uaaaaai)Hailiai)al»a.ii(  mm»alaai»an»imMHaa.iiai««a;a<tlAj 


 a.aal.aa.alla . .  .«  . 

I  a  3.  aaa.  a  .iaiBnaB.a»i.fca.......aa.an..a.a.....iaiaaiaMMailBiiiMBmil(aia.iaMaaa 

_  «aiK«*liaaMMt.caaa>aMllMaimaaiHf  ............  ........  ....a....  ■ ...... 

■  M.....aa......aaa.. ............ 


f. a... a... a a... .a  aa..aaaaiaaaiaai 


1::: 


laiiaaBaaaBiaaaaaaaaaaaaaaaaaaaHMMaa 

iBaaaa  a...  a  a.  a.  a  ■  a  a..  ...a  ■  a  B...a...«  WWMV 

I  . . . . . 

|aKaa..aiMa|||MMMMM|a|d|||MM 


ijuia . * . . 


a. aa..aaa.a..  . . . . . 


R.  ..........  .....  a...  ................  a.a.^la^aaj 


aa.M... a. ...... .a. 


.  ...............a....  aw.......a..a..aaaiaaa.iaaaa.aaaa.aa..........aHMi|il 

JliBaa . . . J,„l.....,.aia..a  ......  iuu>iuuaAJ 

■a  aaaaaa.aa.a.alaaaaaaaaaaaaaaaa>aaa.^aaaaaaaMaaaaaaaaaa> 


hhsk; 


IHfUiiii 


.  •„  .  _  -  -  v  .  ,  -  .  _ . -  .  -  -  -  ■  .  -  WWBLl#  ............. 

aaaaaaaaaaia  aaa afia. ■  »  ........... 


H..a.a.aa.ua..a...i 
.••••••..a* - 

h  ......  .  .....  .................. 

_  . 


i...a  aaa...  a  a...  a..  .......  ..a.,  a...... .......  ■  a. 


R.aa..aaa..ia...aaaa.a8aa.aaaa..aiaaana.a.aiaaaa.a8.*a.8.M 

ia aaa a. ..... ..a. a .a... a aaa ...... ..a. a  a. a. a  .......... ...a.aaa. 


a...  ........ 


TIP  SPEED  =785  FPS 


|  C..a.  — ..a.  .......  ...a....a.a.aa..^a.a.t.k>a^|»a...  ad.....  ....aa.a  ka..aa..al 

■  a  a  aaa  aaa .  :  aaaagaaaaaaa  .a  ;  a  a  aaaaa  a  a  ...  a  a  -  aaa  a  a  a  a  a  ,  ..  aa.a  aaaa.a.aa.aaa  a  a  aaa*  .  aaaaaaaaa  j  ...  a  a  a  a  C  a  a  a  .  aal.  ;  a  a  a  ...aga  ^  a  a  '  a.  ^  -  a  a  .  Baa 

I  ^”********^|g****...*********^a*~‘*  B'^aBBaaBaBam.  -aaoDoa  BBaaaaaBaBaalMaaaa|BaBaBBfllaa  a  a  .  a  W  H  «  a  ^  »  fi  ®  a  a  a  a  I  -  -  a-.J  *2.  JSSjJ  SKj.  ■  a.  m  .3  J.  a 

.a«Baa!aBaalaBB^aBalaltaaaB.a  -a  aaa*  aaa  aaa  a.Ba.aa  aaaaaB.^BB  aaMBBat  ^  lapat  aataa  aagaaaaaaB  jqB.Baaaa.  aBal|laaBB 

^^Kj..|M.|ja.JaB.»MBB.^M.«|M..2B..|ati|.f''||||-|aa|”aB.ai...,-aiaaBI..S!l*laB2|"V|j.»j«iiaa!».aaaaa8B  a  .3  a  a  a  a*  aa  a  .2  a  I  aC.  .a  ..8£a  SAa.aB 

8. — jjjjjgi;  j!J  j  j;;  J  »•  Z  a*  a..  :»  •  till !!»!»..!  allall  j“i::sla° '  “ 

I  &  a s  os’  e.  .  ..  a  aaa  a  a  .a  a  a  a  a  a  .a  a  a  aa.  I  **  .a  a  a  a»a  a  ■  a  a  a  a  a  a  a  ■  a  SSI  S  a  •  imm  a  a  a  a  a  a  a  ».  a  a  Bil  a  a  a.a  a  a*a  a  a  a  a  a  a  a  a  a  a  •  a  a  •  !2a  a..  •  a  a#  a  a  *  aaa*  a  •  a  .  a  a.  a  ..  a  a  a  a  aa  a  a. I 
UJi  j  ta  y.'  a  -  aaa.  a^a  a  a  a  a  a  a  «  a  ^a.  a  a  a  a  .  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  j  a  a  g.a  a  a 

<|  &BBBBBBBBB  BBBBB.a.BtaBBBaaaaBi  a  B  B  «  a  a  a.  .  a  a  a  aXa!  8^  Baa  ■  aaB.B  a  ”1!***.!!!  a.aaaaalaa  .•**.  BBBaa  I'bBB  BIBaa  a  .  a  a  .  .  a  SmIb  2a  a  a  a  .  a  .  •  ...£  aBMMii8i8lttil 
I  . . . . . . Bib... . . . . . . 

ElM.a  a  ■*...  ..............  a........ S.a4...  ..........  ...a.  a... a.  ....  ...B.  ...>■  B.8..  I. ........  a  a......  B.  ft.........  ... .......  ........ .B  ...aa  ...BaH 

.  . . .  . ....aaaaa.. ....... ...........  a.......  a......... ............  .......a... ....... ....M................H 

a ..... ..... a a .... aa.  ....  a.. ...... aa. a .. a. a. .....I.  a.. ...... a. .................. a  ............... 


a. aaa.aaaaaaa.aaaaaaaaaa.aa 


.4..^.  .........  .........  ag 


I  ..........  ....................  a.aaa  a  aaaa.a.........aa......«...«.uiM.fl 

I  . . . .aa sa.a.aaaaaa.aaaaaa.aaaa.a a.aaa maitlaaa  I 

I  BaH.aa.a..a......aaaaaa.aM..aa.aaaaaa.iaa...a.....8....Ba..iia..a.aa  HVHVIVVViVIV^n 

M.***— q...i  ..........  aaa.a aaaaa  ........ .J.......... ......... a.aa...aB...  ..........  aaa 


laaB.aaBiiaflaB.BBBBaaBflBBBB.BBBBBBIBBBBaBa a  aa  a  aa  *  a  H 

laaiaaBBBtaaBBBBaBBfltBMliaBBBBBeBBBBlBaaaaBBBBBBfl  H 

a  a  a.aiaa.ia 


TIP  SPEED  -  915  FPS 


Ujjjjjj 

1  .U. 

titt 

:::: 

it:: 

iilii 

sKilsF 

::::::: 

!ii; 

7| 

•j 

iiiii: 

:x::: 

10; 

iiil 

TsT 

ill 

:::: 

Tim 

:: 

::: 

x:j:c: 

ii 

1  iiil 

:::ia 

iiiii 

In  in 

Iiiiiii 

10 

:V ::::: 

iii 

\\ 

•JHi:  iisi 

1 101 

iS: 

■JlSf 

:iii:::i: 

::::::::: 

! 

111! 

iiij  | 

ri 

iiii 

:: 

ii 

ii: 

a  aaaaa  aaaa 

:  ::u: 

rtt.»a**.t.. 

::::::: 

II 

L:j:| 

icii 

iiiii 

pj| 

iSSSS  SSa 
:::::  ::: 

ii 

0*11: 

iiiiiii 

1:1 

iiiiiii 

::::::: 

«ss:« 

|| 

ii 

i 

: :::: 

::::: 

iiiii 

■iiiii: 

^:::::::::i: 

::::::::::::: 

W: 

jjjj 

! 

ili^i 

s 

Oil 

iii 

M 

j: 

i? 

a  aaaaa  !aa! 

:  ill:!  i::: 

a  aaaaa  a... 

:: ::::i 

Iiiiiii 

•aa.aaa 

ii 

: 

i]i{ 

■  a!  S 
!*S! 

::::: 

van 

iiiii 

1 

1  aaaa. a. 

iiiiii: 

sirs:  ;ii 

::::::: 

iiiili 

:::::: 

on 

Hi: 

•a  atijj 

:: 

:: 

i-’f 

jjj 

LH: 

:::: 

ill! 

| 

Y\ 

1:1: 

1:::: 

iiiiiii 

i!::j  :::: 

::::::::::::: 

BBjaBHaaaai. 
InlUau  ui: 

iiiiiii 

' 

1: 

::: 

lie: 

iii: 

i: 

-> 

.  :::::  :::: 

)jj 

Mi'ln 

Riii 

:::::  ::: 

::t:. 

■aaaaaaaa aaaa 

ssss:  si 

::::::: 

III! 

aaa 

iiii 

a  aa.aaa  aaaa. 

lllHH 

ion? 

•  aaaa 

aaa aaaa 

::ai 

aa.a aa.aat..i 

aa.aiBB.BB.Bi 

iiil 

Ha* 

HiiiiHi: 

- 

ay**M  aaaa 

•aaSSaa 

::s 

~ 

i  a  a  a  a 

a.2aa!a 

■ aaaaaaaa aaaa 

m 

iiii 

::: 

:::: 

H 

20 

3 

0 

0 

6 

0  7< 

30  40 

BH  P(Pq/P) 
n  2 


60  70 


FIGURE  57 


L 


K  ? 


Hamilton  U 

CHviSON  OF  UNITED  AIRCRAFT  CORPORATION 

Standard  p® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B3-3WT 


TNET 

tnet 


BASIC 


TNET 

tnetBasic 


0.9 


3.HPM/P) 

D2 


FIGURE  58 


Hamilton  U 

OJVISON  O*  UNITED  AIRCRAFT  CORPORATION 

Standard  p® 


HSER  4348 


Hamilton  U 

_  00/1*0*  Or  UMITCO  ^IBCRAPT  COHPO«»T(0~ 

Standard  p® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  E4-3WT 


TNET 

Tnet  BASIC 


TIP  SPEED  5 785  FPS 


. . ■•in 

-HBK ■■■■■■■■  bbbbb  bbbbb  ■  ■  ■  Bn  bbbI 

ItiiiiiiiMMiiiiiMiMMinniiMMiMMiMiimia  hnMPI 

L  BBBBBBBBBB  BBBBB  tUII  BBBBB  mil  ■■■■■■■■■•  BBBBBBBBB1 

. . .  iHMMHI  ■KUMMI  BBBBBBBBBB 

■  ■•HIIIMlinUHl*!  IBIBB BBBBB  BBBBB iBlBB  BBBBB BBBBB 


iis*b**hH 

|77>a b bbbbb  ■■■■■■■mfliMiHii  Manl 

■aaaaaiiaai  aiiaa bbbbb  bbbbb  appp  ama  r  4  bibb a bbbbb bbbbb 

■  ••■■■•mm  aaaaa  bbbbb  ■••••  hEm  MaMUHi  aaaaa  aaaaa 

• - -  - - -  — ■“ — —  *—  ~  ■  ■  a  a  ui  ■■■  ■■  ■■■■■  umiihii 


SalaS  aaaaa  aasal  SalaS  aMV.,, 

4MII  BBBBB  BBBHBB  •■•••  BBBBB  m 

'  ■■  ai  MI  MfM  ■  ■  aa  •  afaaagaagM 


■  • a bbbbbbbb  bbbbb Baaaa  aBBBaBsaaa bbbbb aaaafl  '^IBB BIB«B  MMBBMBII 

■  ■■BBBBBtaS  MBMBIHB  ■•■■■  MIH •■•■■•■■•'  Mill ■•■■■  IBIMBBBBa 

■  ■•••BBIBM  BBMIBaBII  IBMBMMIlIBBItBI  j>BBB>B'iBM  IBBBBBBBBB 

llBBMMMa  •■»**  BBSBS  ■IBI||MalinUl‘«HMW'  •(•MIMMIMM 
■•BiiitBiai •■■■■■■•Bt !•■■•  Mair  .saaaaar  .imimhiubhib 

■  •BaaBiMM  aaaBa aaaaa nMiiMyiM  aaMaaa’  aaaaaaiBiMaaaMaai 
|asBaafiBB«i  iiiiBfiiM  Hal*  uaiti'  iBaiBaa*  -.aaaaaaaaa  laaaaaaaaa  i 

•  BBBBBBBBB  BBBBB BBBBa  |M(B BBBBB  4tM !(•'.•  •••••••••i 

IBMMIIIiniraMUlHNHI''  aMimj-iBi BaaBiiaBii  BBMMNII 
^ubimmmbi  «a>Ataasi'  <•■■••'  . •■uuaMAMMuaaaUMMd 


BBBBB  BBBBBBBBBB  i 

PHHIIIIIIIIIIIIIIIlBasatB>'.iMsait«|i  MaaBiaaM  bsbbjKsbbb  i 

|  ■■■■■IHIlIBBBa  BBIMMaa*'  . . BBBBa  BBBBa  BBBBI  BIMIHIli  i 

|iiiiaBaB*iaBBMMa>B*3'.«aaaBfaMaaaaBiaB(9BBBBBaaaBBB|ai|BaB| 

■  .BBBl  BBBSa  •  BBBBBBBBB  BBBBB  BBBBB  "IBi 

HMHaBBI  BBSr  .  .BBSS  BBBBaBSBBI  BBBBB  BBBBB  •■-_..aBBI  r  isIMHP 
■  aBBBa(BBBa IBBBB BBBBB BBBBB BBBBB laBB*''  . a BBBBB BBBBi .JBBB BBBBB  l 
Mb BBBBBBBBB  BBBBB BBBBB BBBBB BBBBB  *'«bB BBBBB BBBBB BBBBB BBBBB BBBBB  i 
■■B*aBBiBaBBaiBaaBiaaiaaBBB''.ea BflaBifiiBa apaai bbbbb aaBliaaaasi 

1 BBBBBBBBBB BBBBBBBBBB  BPB»~.*BBPB IbbSb B BBB B BBaBB BBBBB BBBBB BBBBB  I 

. . .  .  bBbbbbb  aaaaaaaaaa  bbbbb  bbbbb  bbbbb  bbbbb - 

■ai  BBBBB  BBBBB '>BBi  BBBBB . .  BBBBB  BBBi*  BBBBB  BBBBB  < 

EBaMBaMBBi  .  BBaBB BMBB  BBBBB aBBII  BBBBB  BBBBB IBaBB  aaaaa 

|Bljn|BB|||Ba|a|B|aaaB||B|B||||BaaaaB|a|a 


■BBB BBBBB BBBBB  BBBBB BBBBB  BBBBB BBaBB  BBBBa BBBBB  BBBBB 

laaaaaaaaiaaaaaaaaaaaaaiaaaaa  aaaaaaaaaa  aaaaaaaaaa 
taia bbbbi ■■BaaaaaiiiaaaaaaasaaaaaaiaaaiasBaaiaaai 
IHaBaaBiiaaaiiaiaiiHMiMaaiaaMMaM  ■•■••■••■■ 
la  Zaii^iaaaa ibb bb BBBBa bbbbb aaaaa  bbbbb bbbbi 


iiillii 


tnet 

TNET  BASIC 


TIP  SPEED=9I5FPS 


TIP  SPEED=980F?S 


mm 


tnet 

tnet. 


BASIC 


liilliilii# 


TmiiLiMiM 


lltefflgjllf 


10  20  30  40  50  ( 

BHP(ft/P) 

D* 


FIGURE  60 


Hamilton 

Standard 


0»V.5O<  OF  UNITED  AIRCRAFT  COF’f'OPATON 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-8  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B4-3WT 
TIP  SPEED  =654  FPS 


. . . 


Mf  fl 


«»»W  ■»*»••••#!  ■ 


ssHHSH:: 


_ _ _ _ 


■ai«aaifi«a a 


. . . 

tMHaaaaa  . . aaaaaaaaal 

a ■•••••■•••••••• aaaaaa  •••  ■•■■3 


3K! 


aaaa»aaaaaaa«aaaaaiaaaa«aaaa»aaaaaaaaaMaaaaaaafla 


a«»M«IB|fC 


mi, 


.  .•aaaaaaaiaaaaaaaaaaaal,aaaaaa..aaaal 

EHaaaaanaaaa  araaaaaaaa"  ..aaaaaaaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaj 
■  *  •••••••■■■••••••  ..a  aaaaaaaaaaaaaaaai.a . aaaaaaaaaa  ■  ■  •  •  flHH _ 

RaaaaaHaaaaMtaaMaataaaaaaa'taaaaaaaia  aaaaaa  St*!  ..»•«■ 

uaiaiaaaaaaaaaaaaaaaaaaaaaY  >4aaaaaaaBaaaaiaaaaaaaaaaaaaaaaaBaaaaaaaiaMiMiaa>'  _.|af  aaaaaa 
VaalBaaaaaaaaaaMaaaaBa*!aaaaaaaBaaBMaaaBtaaBaaaaatI«aa«faaaaaa''lt!!taaaaaBaBaBlCa»ISaaaaaaa 
I  aaaaaaaaaa iaaaa aaaaa a-  .••••••••••••••••••••••••••■■•••••■••'  ..•aaaiiinaliaiMaaiiiaaiataaiaa 

■  aBaaaaaaaaaaaaaaaaaa  MaaBaaaaaaaaafMBaaaaaaaBaaaaaa**  .aaaaaaaaaaKaaaaaataaaBaaaaaaaaaaaaBi 
I  aaHaaaaaBaataMaB'.aaaaa««aaaaaMaiaaaaaaaaB*aaaaa-  .aaiiaaimaiiaaiaaBaaaaaBMaaaaaBiaiaaaai 

uuuuiaAUaaaiiuuaia|iaa|AiuaaaaaaiBaa  .aaBaaaaaaaaaMaaaiaM^MMMUM^^^M 

£••••••••  .■aiaiatitaaaaaitaaaatl 

fcaaaaa-  aaaaaaaaaaaaaaaaaaaaaaaaa 
^TaR^R^^^^^^^Ra^^^RaaT^aaa*  aaaaaaaataaaaalaaaaaaaaaaaaaa 

■  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  . aaaaaa  aaaaaaa.aaaaaal 

I  aaaaaaaaaaaaaaaaaaaaaaaaa . . 

laaaaaaaaa . . . a . aa.a . aaaaaaaHBHH 

mhc:  is:::;:::::;::::::::::::::::::::::::::::  ::::::::;:::::::si?n|fj;;J 

taMaaaaaaaaaaaaaa»aaaaaaaaaMaaaaiaaaaaaaaaaaaaaaaaaaaaaaaaa^naij|||| 

HKaaaaaaalaiaaaaaaaaTB 

pajaaa aaaaaaiiaMaaalaao^aa^a^p^^  S  - 


aaaaaBtaaaaaaBaflaaaaaaa 


aaaa,  aaaal 


a  a  naaaaaaBa  ••33«S| 

faBaaaaaataaaaaaaBBaaaaaaaaaaaaaBMaaBaaaaaMaaaaaaiaMaaaaaaaaaaaaal 

lliil]Ui‘'la  lijaiiaaiaaaa . . . aaaaaaaiaaaj 

Mk|Kaa!!utiaa!!aaaaa!»2{MtaSaa!!a  .  *!*>*i****«a!!!*****!*«**>j 
11**"  aaaaaa  aaaaa"  -  .aaaaaa  aa  aaaaa  atataaalaaaaaaaaaaaM 

aaa!aaaBa!aayl!aaa!!aaiaaaBaa!aB»aaaaaaaaaaaMallaaa!!Ha!aaaa|(  ’aaaaaal||Iaaa}aaal|aaaaaBaaaaaa!laaaaa!aaaaaataaaBBaaBaBaa2aaai!2aaBaa}a] 

SoBBfa'ja. . •■••• . . . . . .  taaaaaaaaa . .  aaaaaaagaii9iia|IBaiaa«aaaaaaaal 

laaaaaaaaaaaaBBtaaaBaaaaaBaaaaaBBaBaaaaaaaaaaaaa'  a  aaaaaaBaaa bbbb«bbbbb aBBaaaiaBa  aaaaKaaaaaHaaaaaMaaaBaaaaaaaaaaaaaaaaaaaalaaaaaaaaaaiiaail 
BaaaaaaaBaaBaaaaBBBaaaaBaaaBBaaaBaasaBaaaaaBBBa  aaaaaaBaaaaaaaBaaaaaafl  aaaafl  aaaaa  aaBBBBBBBa  «aaa*  aaaaaaaaaa  a  aaaa  BBa>aaaasB  aaaaaaaaaa  a«BBB  aaBaal 

***“ . . . . . . . . . . . . . . 

aaaaa aaaaa aaaaaaaaaa aaaaa 
aaaaaaaaaaaaaaaaaaaaaaaaa 
••naaaataaaaaaaaatahiad 
:::::::::: 


ui! 


ill 

i  i: 

ii 

is 

is 

ii* 

HI 

ijfn 

nninnsaii 

ii 

n 

•• 

SL 

|j 

:: 

j: 

ii 

t: 

•SS 

s: 

is 

ri 

y 

HI! 

ii 

II 

ssit 

:::: 

4 

ii 

j: 

:::: 

j; 

ii: 

ii: 

:j: 

i  ! 

: 

TIP  SPEED  -  915  FPS 


•••■aaaaaa  a 

jjf  jjjjji  i 


!S*  aiiialsati 

u  aiaaaaaaal 


iaaaaaaBal 

•••••aaaaaa 


S-Shi 

aaaaaaaaaaa 


•••••aaaaa 

■•••••aaaaaa 

(■■•aaalaaui 

i  ••••••••• 

jaaaaaaaiaaa  a 

•  aa  •■■••••  a 

■iil-iili: : 

iiiliijjl 

UiJiiisfW 

ataa^^ 

::::::::  i 

•  aliiaaaa] 


••••••••••a 

::h;::::i: 


K  •■•••••aaaaaaiataiiaBaii  Si 

■■•  •••■••»•••*•••• 

hi  :::*.::;*.*.t:r.;: 

a  a  aaaaaiaaaaaaa 


Ii*: 

Hilil 

Tssssy: 

IsssisH: 

I::::!::! 

iilitSHr 


•  Hi 


iiusHi:: 


ill 


SStSS!!*^* 

::::::::: 


••••••••••  •••*••>■ 

•  ••••••■•••  ••■•••*• 

;  :::::::::: 

Aaa aaaaaaaaaa auatkal 


aaaaaa  •aaaaaai 


mm 

si:::::::: 

iinKlsl 

ii 


ssssr 


•••••••••••a 

:::::::::::: 


Hj ••••••••»•■ 

i  ••••••••■••• 

••■ ■■•■••••• 

■••aaaaaaaaaa 

r  ••«•■•■••••• 

!••■*»••••••• 

•■a ••••■•■•■ 


••••••••••a* 

■■■•■•■••■■a 


aaa  Baiaaaaat 


::: 

•SBSBaaaaaaa 
Saa  ••••••••• 

■••••••■aaaaa 


ill 


BHP  iPo/P) 


FIGURE  61 


Hamilton 

Standard 


DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  1-8 FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B6-  3WT 
TIP  SPEED  =654  FPS 


^JIMr'liaHlIiHMIlMliaiillMmll  laataaaaaaaaaaaaala 

EBaaaaaaaiaa»vaaiaaa»aaaaaaaaaaaaaa«aiaaiiaaaaaia . . . 

ilaawMaajaa' 9a|aja*BajaBCj iiiliiiiiiiiiiiit 

■  lataattaai  aaa  litaaaaMaiiiiaaiaaiMiiia'  -•bm!!i«!|b  aa!  aaaaa  a  a  ■*!  a  a  a  •*  a  a  a  fi - .  - — 

■  aaaaaaaaaaaai  iiiaaaaaaaaaaaaaataiMaaa  alaaaaMaaawaaaaaal aaaaaaaaaaiaaaaaaaaaMwa^aMaa%naaMaaaaMaaaaaaaaaa|ilaaaaaaaaaaaaaaaaaaaaa  j 
I  ■•■a'amala  .aaaaaaaaaaaaaaata aaaaa'aaaaaaaa'aaaaaaaaaBBaaaiaaaMaaaaaaaaaaaSBaaBaaMBataaaafaaiaaaaataaaaaaaaaaaaaiBaBaBBaaBaaaaaaaaaaaaaaal 

| aaaaaaaaaa a*  laaaaaaaaaaaataaaaaaia  . . . * - 

■  ■aaaaaaafaii  aaaaaaaaaatiaaaaaaia*  .aaaaaaaaaaaaaaaiaaaaaaaaai  aaaaaaaaaiaaaaaaaaanaaaaaaaaiaaaaiiaaaa  aaaaaaaaaaaanaa 
^  aaaaaiiaaaaaaiaHiaaaaaaaaaaaai  janaaaiaaaaaaataa  aaaaaaaaaaaaaaaaaaaiaaaaaaaaaa  naaaaaaiiiaiMuaiaaaaaai^aatyaa" 


laaaallaaainaiaa-  aa 


laiaa4Miaaiai  a 


iiiiii 


I  Iiaaaaaaaiaaaaiaaiaaaiai'  .laaima •■iiaaaaaiiiiiaiiaaaaaaaal  a 
I aiaaaaafaaaaaaaaaaaaaiB  •aaaaiiaaaiaaiaaaBaBBaaaaaaaaaaaaaa  •  - 

■  aaaaiiaaaaaflaaaaaaaaa* .■Baaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaa' aaa 

■  aaaaaaaaaaaKaaaaaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa*  aaaa 

■  )9«aBM>9a»iati«afa.  aavft&aaaaoaaaasiaaaa  axauiagnuBii  .  oa.  s 

B  aaaaaaa  aaa  aaaaaaipa  aaaa  a  aaaaaaa*  aaaaaaa  aaaaaaaaaa  aa*aaaaaaa  aaaaaaaaaa  aaaaaaa  aaaaaaaSaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaM 
I  *****  aaaa*  aaaaaaaaaa  ml'ilir  BBBffl*  a  aaaa  aaaaaaaaaa  aaaaaaaaaa  aaa  aaa  aaa  a  aaaaaaaaaa  aaaaaaaaaa  a  aaaa  a  aaa  a  aaaaaaaaaa  a  aaaa  aaaa  al 

■  aaaaaaaaaaaaatasaaaa aaaaaaaa aaaaaaaaaaaa aaaaaaaa  aaaaaaaaaaaaaaaaaaiaa laaaaaaaaaiaaaaaaaaaaaaaaaaaaBBaaaaaBaaaaBaaaaaBaaaaaaaaaaaa •  •••••••••■ 

■  aaaaaaaaaa  aaaaauaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaa*  *a  a  aaa  a  a  aaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaalaaaaaaB 

■  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa laaaaaa gaataaaaaaaaaaaaaaaiaaaiaaiaaaaiaiaaaaaaaiiaaataaaatiiaaaaaaaaaiBaaaaaaaa aaaaaaaaaa aiaaaaaaaal 

■  BB#«aaaaaa laaaaiaaaa aaaaa aaaaaaaaaaaa aaa aaa aaa  aaa a aaaa a a aaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaa **•*■*■•■*■ 

■  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  •••••*••*•  a*  •••  a.  •••••••••  **ij*  •*••■**•*££•*••  ••••••••*••••»■  aaaaa  aalCa  aaaa  alaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa| 

A aaaaa aaaaa  ••••$••••• aaaaa aaaa a aaaa aaaaa a a aaa"aaaaaa aaaaa aaaaa aaaaa aaaaa aaaaalaSaa aaaaa aaaaa a aaaaaaaaaaaa aaaaaaa ■ aaala aaaa aaaaa aaaal  aaa a 

■  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaa  a  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaiaaaana  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaa 

■  aaaaaaaaaa  aaaaa aaaaa aaaa a aaaaa aa aaa aaaaa aaa  aa aaaaaaaa aa aaaaaaaaaa aaaa a aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa laaa 

■  aaaaa aaaaa aaaaa a*a*a aaaaa aaaa a aaaaa aaaaaaa  aaaaaaa aaa aaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa  a aaaaaaaa aaa aaaa a aaaaaaaaaaaa aaaaaaaaaa aaaa 

m - — - - - - - lag  aaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  aaaaa  aaaaa  aaaaaaa  aaa  aaaaaaaaaaaaaa 

i  a  aaaaaaaaaa  aaaaa  aaaaB  aaaaa  aaa  aaaaaaa  aaaa  aWa  at - 1 - “ — -  — ^  — — 

i  •  aaaa aaaaa aaaaa aaaaa aaaa aaaaaaaaaa aaaaaaaa aaaaaaa 


a  aaaa Baa aaaa Baa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaa aa£a 

dlSa|Sa|SSa|S|Sl|S||iS|S|||||||||S||l|iga  aaaaa  aaaaa  aaaaaaaaaS  aaaaaaaaaa  laaaaaaaa^Uaaa 
I  aaa aaaaaaa aaaaaaa aaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa 


laaaaaaaaaaaaaaaaaaaaaaaaaaaaaal 


TIP  SPEED  =  785  FPS 


I  aaa aaaaaaa a aaaa aaaa a aaaaa aaaaa aaaaa a aaaaaaad 

■  aaaa*  aaa  aa  aaaaa  aaaa  a  aaaaaaaa  aaaaarar  aaaa  aaa  ■■■■■■■■■■■■■■■■■■■■■■I 

■  aaaaa  aaaa*  aaa  aaaa  aaa  aaaaa  aaaaa  aaa  i  n  a  aa*  *taaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  BaaaaaiaaaafiOTmHHVNWWWOTWOOWQWWMMMOTOTMMMH 

<^Ha*Ban  I  I  IB.  aaaa  aaaaaaaa  aaaaaaaaBaaaaaaBaaaa  aaa  aaaaaaaaaaaaaaB  aaaaaaaaaa  aaaaa«  aaaa  aaaaaaaa  aaaaaa  aaaa  aaaaaaaaaaBaH 

_  _ ■■■•  aaaaa  »aaa.a.  aaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  ■ 

I  aaaa II I  all IA(III4aal I aaalaaa aaaaaaaaaaaa aaaaa  aaaaa aaaaa  aaaaaaaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaMaaaaaaaaa  aaaaaaaaaa aaaaa aaaaa  ■ 
Uaaal|ii|UiiiiiiBa^^^^^^^Miia*  a  a  »  -  -  "“•'••■••••■■•••■■■■■•■■■■■**•*■*■■•■*■■•.•■•*• aaaaaaaa**  aaaaa aaaaaaaa******* **a*aaaaa* aaaaa aaa*a  ■ 

U^‘a^a2Bawj^tip>;;»aB  aaaa  aaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaa  jaa  aaaaa  aaaaaaji  aaaaaaaaaa  aa  a  a  aa  aaaa  •  ••••  • 

f^^lla|III^Ill^!!!!»aBBaaBBBBBita«i  iaiBBBMH  MaMMB»iB*BBBMa  a  a  *3  •  •  ■  a  •  •■  a  •  ••••  a  a  **  I 


I  aaaaaaaaaa aaaaaaaaaa •- 

|  aaaaaaaaaaaaaaaaa^^^M 


■aaaaaaaaaaaa:  aeaastaaaaarf 


Baaaaaaaaaaaaaaaaaaaa  aaaa  a  aaaaa  a  aaaa  a  aaa*  aaaai 

B  . Mil . . 

I . . . .  i»B»ii»mi»iii  m  ailHal - - - 

v  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaaliaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa- 


I aaaa aaaaaaaaaa* aaaaa a aaaa aaaaa aaaaa •  *•■ 

Hr..-^^Halaaaaaaaa  ■BiitiiiBiiiiliiiBBiiliiBil'-- 
■••■■**•••■•••■*•**•*•••••••••••••••*•*'  ..aaaa 

iimiBmiBMiiiBBSiBaiBBiiiBiiDi-  niimmi 


I  aaaa  aaaa  a a  a aaa a aaaa a VI 


' .a aaaaa  aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa  •■■•■••■•■■••■••■■*■■•• 


BBiaaaaataaiaaaaaaaaaaal 


#1 


•  aaaaa  eaaaa  aaaaa  aaaaaaaa 


■■ski; 


TIP  SPEED  -  915  FPS 


I  a  aaaaaaaaaaaaaa  aaaaa  BaaaaaamalB^^W 
■  *••••■■•••*••••  a  aaaa  aaaaa  aaaaa  aaai 
UaaiHiaiBMMiiaBiBllMiBiaajMa 
•^bb. ■•■*■*••■•  aaaaa  Baaaaaaaa 


ajL* 

:{n!{ 


I  . . .  ^ 

■  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaal 

I  a!aaaaBBBi  m'm  IIibi  i!iillli!i  lili 

I  . .  iiiiiiiiai  . . .  bbbb 

I  . . . . . 

I  aaaaa aaaaa  aaaaa a #*•• aaaaaaaaaa b*bb 


aaaaa Sail 

H 


:::::: 


Uaal  aaaaa '***#* aaa*  HI 

aaaa aaa aaa5aaaaaea*a a aaa a  t 

■■**•*••*  a.  b.bbbbb  t 

■  aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa ibsb  i 

■  aaiai'aael!aaaaieaBaaiaaaiiaa|10aa  1 

■  aaaaaaaaaa aaaaaaaaaa aaoaaaooaa aaaa  i 

B  •• a" "••‘••••aa ••*••• ••••••••  1 

V  aa leaaaaia laaiaaaaaaaaaaaaaiaaaaaau 
fat aaaaaaaa. aaa. a aaalaaj aaaaaaaaaa 


0:::: 

jig 


i aaaaaaa taa aaaa  I 


iBBaiaBaBBBBBBBBBBiaBBBaiBBaasMH 
JBBBBBBBBnMBBBBBaBBBBIBBBBai 

a  a  a  a*  a  faa  SMI  — 

4  "BaBBiB  aa  aiBBBa.aal  BlaaB  Baal 

I  jaaiiia^^^pi^^^u 

■  ataaa  |3fca*  aaaa******  aaTa*  BaaaQ  neea 
BaaUalAliiifalaaaaataaaaaaaaaaa*  ! 

»{lS”*alt la”  ! 

a  aaa*  aaaaa  ***************  aaaa  i 

BB**aafll  aaaaa  *****  *>a*****aa  aaaaa* 

at aaaaaaaaaa **t*a*aaaaa*a*J 
H* **••*•**••»* *aa a a* a a aaal 


********* 

aaaaaaa** 


bbbbb aaaa 
***■***•• 


|  if; 


*■••■•*••••* 
. a. Baaa* 


•**•«•••*••• 


IjjaStal^u 

•••  ••»»•••■•••■ 


aa*aiB*i**ilifi 
fl  aaaaa  aaaa! aaaal 
■•■•**t**ta***< 
■  . . 


»*•*  •  * . ••*•  < 


iiili 


iiiilii 


aaaaaaaaaa** 


DBBBBIBII  aa 


aaaa  *•••• ■  ••(*••* 

aaaaaaaa* ******** 

aaaa aaaaa a  I 
•  a 

a** aaaaaaa  •*■••**• 


iaa.aaaae  i 


aaaaaaaaaa  i 


aaaaaaaa 


;;j; «<>«*;!•  aaa*****  *!••!•  ! 
HIH  aaaaa 


•••aaaaaaa  a 

mmii ••■••••••*  i 

BaiBB-iaBaaB’ 


la.aaaa  i 


aaaa a*aaa aaaa  aaai 

:5;::U:n!i2Jsa 

Vaasa  a*aiaaaM| 

Aaaaaaaa-  a 


|a*aaa  aaaaa aaa 

a  *  a  a  *  *  *  a  *  *  ••  * 


>  Baaaaaa **•**• 


■••*••••••  *.*• 

aaaaaaaaaa  aaa 


•*•••*••*••**■ 
a************  < 

.aaaaaaaaaaaa  t 
■■■••••••■■••■I 

•a aaa*a*aaaa a  « 
•aaaaaaaaaaaa  t 


•a •••**■***■ ■  aaaa* 

•I ■■•■•■•••*f 


aaaa*  Baaff 


■•••■'■•■bib'  .aaaa  •*•«••••••••••••••  i 


■  ■■•••aaaaaaa***** 
■■■■■**■■*•■•■•*■■  *••*  •■  a 


Wmm 

aaa aaaaa JaaCa aaaaa 
tiaaa.aaaiaanaaaa 


■aaa.Baaaaaaaaalaaaaaa!. 

aaaaa a •••••••*. a* ••••!•• 

•  •  •  •  a . bbbbb  aa.a.aaa. 

.... j. 

aaaaa  ■aaaaaaaaa.Baaal 

•••••■•••■••••a ♦••••I 


•S!SSSSii!!!!ilSSSS!^R 

Bia*a*a*i***a**aa*a****a  l 


a.aa.a.aa.a  aaa. a.asaaaaaaBB.B. aaaa.  ....  , 


BHP  {Pq/P) 

D2 


•••••■■•aa# 

a  aaaaa  aaaa 


iiffl 


■^■aaaaaaaa  •••••4 

*• ••••••••■• aa*a*al*aafl 


iiiiiiiiiiiiiiiiiiiiil 


•• •••*•*••*. aaa  aa  aiaaal 


Iff 


a •*••*••••• ••••*•••••! 


>*  *.••*.••••■■••■••••.■■■ 


FIGURE  65 


Hamilton 

Standard 


U 

DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


fl® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I-i3  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B7-3NT 


TNET 

tnet  BAS|C 


FIGURE  66 


Hamilton 

Standard 


OfVISON  Of  (JNlTtO  AIRCRAFT  CORPORATION 


HSFR  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT,  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  3I-3WT  1° 


TNET  BASIC  l.l 


|j ■■■■•■■ ■■■■■■■■■■  muiwn  nw  m«i.  nn.  ihh  mhuhii 


•atiiUHIIillaai  ■■■*•••*•4 


liiHiitMnjJiiiJI 


aaaMMMMj«aaiaa»j^a»i 


la  •  aaaaaaa  MMiiiMiatMkMiMMBaaiaNattHiii 

Ba  SSSSa  *SmSSSSSS  ! tsssHss*  sssss sssss  SSSSSS^H 

CaamailiNiOiaaaiaMiMniiMMMiMUMiiiMfl 

KaiRiGsaiSKisaalgcKiSiKiKssa 


^SSSinMHMimSiiimiMSSniHiMiiiiMMHNiHnHManMiinw 

. . a . . 

IH ■  ■  aBaaiaviaa  ■  •■■•  aaaaaaaaaa  lliaaiHva  laMaHMlinaiauai  iiaaiBaaii 


ri  aaaaa  Mai 


iauama  aiaiattati 


I  Mt'inaHHataiHa! *  ■••SaStS!a!t*SSS5aa  •••Jaaaaaa  ■  ■••■  aaaaa  n'tiiaai 

t  *!22£IlZ2I2SSSSSSMl2SI2SSSSSSSH2SBSSSSSSKuSSSS8«»MiSSSM 


ri! 

■  •■■aaaaaaaaaaiaaaamaa  aaaaatBv  Sniiaa—a.  .  — 


WHa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa . a 

. . aaaaaaaaaa aaua aaaaa  aaaaaaaaaa . . 


;sa» 


ISaMaaaMaaaaaaiaaaaa  aaa  Sa3 
■aaaa aaaaa aaaaa aaaaa aaaaaaaaaA 

lamiiiiianaiwnamwnwa 
SSaratHMaafMiaaaaaaaaaaafl 
aKmai  laialttaaaaaaaaaaaid 

PEjgiaaa:;i;:;;::;l 


■BaaaMaaaaanNaaMMMaaaaaiiaaainata  aaaaaaaaaa 

UMiittaa  laapitaHa  Bfitiaaiai  aaa . a  . . 

aBaaaXaariaSCaaaMagaaa  aaaaa  aaaaaaaaaaa  aaaaa  a  a  aid 

BMaaaaaaaaaa  jaaaa  aaaaa  aajM 


:j|S| 


:*uk» 


■ aaaaa aaaaa aaa aaaaa a a aaaaa aaaaa aaaaaaaaaa aaaaa ai 


■aaaaa aaaaa aaaaaaaaaa aaaaa aai 
■ aaaaa aaaaa aaaafaaaaa aaaaa a ai 

HBatHH 


FaaaaaaaBBeS aaaaaaaaaaaaaaai 

**«*««*«*V*«V*m*V*«*«W*Vna  aaaaaaaaaa  aaaaa  aaaaa  aaaa* 
aaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaat 
aaaaa a aaa aaaaaaaaaa aaaaaaaaaa a a aaa aaa aaa aaa aaaaaaaaaM 
aaaaaaaaa aaaaa aaaaa aaaaa aaaaa a aaaaa a aaa aaaaaaaaaaaal 


alaaaa! 


I  aaaaaaaaa  aaaaa aaaaa aaaaa aaaaa 
laaaaaiaaa  ■B>>iBiBiBBtBi«mt> 
l  »«•>*»*  an*  w*liaiiBiiigBaBa>tBii 
iBCBiuagiiiM«t(iaa«BBBBa«BH ; 

I  aaaaaaaaa aaaaa aaaaa a a aaaaa  l 

. . ai 

aaaa aaaaaaaaaa aaaaa aaaaa a aaa a aaaaa aaaaa  aaaaa aaaaa aaaaaaaaaa Mad 

■  •■•■••■a aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa  aaaaa  aaa 1 


a aaaaaaaaaaaaaaai 


laiaaiaul 


laataiaHlanniui 
iaaa aaaaa aaaaa aaiii 


aaaaaaaaaaa 


I  ■  fc ■••■••■■•■■•»•••■■■• ••■■••■■■! ■•■■••■■•■  aaaaa aa.JT  *»■■'. aaaaa  aaaaaaaaaaaaaiiiiaaaaaaaaaaaaBaah~aaaBalaaaaaaaa«aaaaaaaBaaaa4 
aaaaaaaaaaMaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aa  -*-Baaaiiaai*BaaaaiaataiBaBsaaiBaaaaaBBaaafiaaaiBBBaaatBaaiaaaa9 

^■aaiaa  aaaaa  aitBaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  *  aaaaa.. •-•■■  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa 

■  BMiBiiiiiitmnHiMnamaiiiBaiiiiMnaanH^atNtmMMmHMnHtej^MtmamMi^iuiiinafHiaatiiaaiml 


■aaaaaaaaaa aaaaa aaaaa 


laa aaaaaaaaaa aaaaa aaaaa  aaaaaaaaaa aaalaMaaaaaaaaaBSaBBaaaaaaaaaaSaSaaaaaaaaSaaaaaaaaaaaaaaaaaaaaaaaaaaS 

laa  aaBaaaaaaa  aaaaaaaaaa  aaaaa  daaaa  aaaaa  m  aaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaAaMaHHAMMSMHBH^^MHM^M 

iaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaiaMaaBaaaaaeaaaAAaAAaaMMMM*| 


iiiiii 

■aaaaa 

x:::: 

a» 

■aaaaaaaaaaaaaaaaaa 

1  tBB»l»>Bllll|ltl 

1 aaaaaaaaaaaaaaaaa 

1 aaaaaaaaaa aaaaa aaa 
1 aaaaaaaaaaaaaaaaa 
■ aaaaaaaaaa aaiaaaa 
| aapaaaaaaaaaaaa aa 

■  ■nail . . 

a  aiaaaaaoaa aaaaaa 
aaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaa 
•••••a aaaaaaaaaaa 
aaaaaaaaaaaaaaaaa 
a  ••■■•■•■•■  aaaaa  a 
aaaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaa 

::: 

aaa 

•• 

«i 

iaaaai 

. 

•■•ii 
•■■  ■■ 

■  *•  »» 
taaaa 
iaaaai 

aaa 

::: 

■  ■a 

■aa 

»■ 

•  ■• 

■•••••■a 

•■■■•••a 

naiiiaa 

•■■■■•aa 

iaaaaaaa 

SaaaaaBa 

•u::n:r 

::::: 

■  ■••• 

Iiii: 

■aaa  aalaia 
•■a ••■••• 
■•■•■•■••a 
■iaaaaaaa 
aaa ■•■•■■ 
::::::::: 
::::::::: 

;■■■■ 

::::: 

::::: 

::::: 

!■••! 

:::::: 

aaaaaa 

:::::: 

•■•■■•■a 
■•■■■••a 
■■••■aaa 
;■•■■■■■ 
••■■•••■ 
•aaaaaaa 
aaaaa aaa 
■■■■■•■a 

■ ■*■■■■•■• 
■■■■■•■■ad 

••••■■•••a 

■•■■■■■•■■ 

■■••MaaBd 

•■■•■••■■■ 

■•■•■■■■ii 

■■■■■■■■■a 

hi::::;:::::::::: 

■aaaaaaaaaaaaaaaaa 
| ■ aaaaaaaaa aaaaa a a 

aaaaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaaa 

aa 

aa 

■• 

:: 

■i 

aa 
■  « 

ii 

j! 

ii 

aaaai 

IK* 

SH* 

::: 

::: 

■  ■a 
aaa 

•  aa 

■  ia 

•  aa 

"■■iiiiii 

::::: 

»«::» 

•aaa aaaaaa 

•••■a 

m 

■•■■■■■■■a 

!!!!!!!!!« 

aaaa 
■  aaa 
aaaa 

aaaaaaiaaaaa 
aaaaaa aaaaaa 
aaaaaa aaaaaa 
:::::::::::: 
:::::::::::: 
•a aaaaa aaaaaa 
aaaaaa aaaaaa 

iiiiiiiiii':!' 

aaaaaiaaaaaa 
■}■■■■ ■aaaaa 
aaaaaiaaaaaa 
aaaaaaaaaaaa 

iSSii! 

iiiiii 

aaaaaa 

aaaaaa 

BBBBQI 

aaaaaa 

.ass: 

SSSSS3S3 

:::!: 

aaaaaa 

•••■« 

aaaai 

•••■■ 

•■■aaiaaaa 

■■■HBaaid 

I taaaa  aaaaa  aaaaaaa 
■aaaaaaaaaaaaaaaaa 
■ aalaaaaaaaaaaaaaa 
a aaaBBaaaa| aaaaaaa 

1 (aaaaaaa aaaa aaaaa 

. . . 

. . . 

■■aaaaaaaaa aaaaaaa 
■ (aaaaaaaaaaaaaaaa 
■•aaaa aaaaa laaaaaa 
■■aaaaaaaaaaaaaaaa 
■ aaaaaaaaaaaaaaaaa 
a  aaaaaaaaaaaaaaaaa 

:::: 

■  aaa 

■  *a* 

•  aaa 

•Hi 

aaaa 

aaaai 

aaaa 

aaaa 

■  ■■a 
••;■• 
•  SIB 

■aaa 

■  ■■■ 
••■•< 
MIM 

■aaaaaaa 

•••■•■•a 

•aaaaaaa 

••••mat 

lllli 

iijjj 

::::::::: 

■■•■••■•a 

••••••■a; 

iimiiii 

ip 

Ml 

iiiiii 

iiiiFi 

■■■■■■■a 

■••■•••a 

■••■••■a 

Piiiil 

•■■■■•■•ad 

•■■■••■Bid 

■■••■■•■•a 

::::::::: 

••■■■■•■ia 

■■■■■■•••a 

aaaaa; 

■•••■a 

•aaaaaa 

III!!! 

aaaaaa 

(•■■■a 

aaaa 

ilii 

■  a; 

•  ai 
■•• 
aaa 
aaa 

•••■••ii 

::::: 

•■■■■ 

iiaoa 

■aaaa 

::::::::: 

:i:::x:i 

iiii 

•••■■M 

■aaaaa 

ssfiir 

•aaaaa 

•aaaaaaa 

ttttSSSS 

•■■■■••■■a 

•■•■•■■•■a 

■■■••■■••a 

1 aaaaaaaaaa aaaaaaa 
■aaaaaaaaaaaaaaaaa 
■•aaaaaaaaaaaaaaaa 
■•aaaaaaaaaaaaaaaa 
■■aaaaaaaaaaaaaaaa 
■■■•iaaa aaa ■■■•••■ 
■•aaaaaaaaaaaaaaaa 
■••aaaaBaaa aaaaaaa 
_»»•■•• a a $» aaaaa •• 
■••■■■•■•■•■■■■■■a 

aaaa 
aaaa 
aaaa 
aaaaa 
*■•• 
aaaa 
aaaa 
aaaa 
aaaa 
•  ■aa 

•■aaaaaaaaaaa 

■•••aaaaaaaaa 

••••••••■aaa 

•■aaaaaaaaaa 

aaaaaa •••••■ 
aaaaaaaaaaaa 

•■•■■■•■••■a 

•■ 

:: 

•• 

IHl! 

:::: 

lljii. 

iiiiiiiiiiiiiiii 
• •■•••■■••■■•■••• 

His? 

:::::: 

» 

IB 

iijfSW 
i  utvi 

iiiiii::] 

■  ■ 

•• 

ii 

:::::: 

iiii 

iiii 

:::: 

iiii 

iiiiiiiiiiiiijiiiiiiiiiiiiiiiiiii 

ii 

IS 

Iiiiii 

lii 

m 

1 ■aaaaaaaaaaaaaaaa 

I aaaaaaaaaaaaaaaaa 
■aaaaaaaaaaaaaaaa; 
■■aaaaaaaaaaaaaaaa 
(■aaaaaaaaaaaaaaaa 
| aaaaaaaaa| aaaaaaa 

■  •■a 
aaaa 

i: 

aa 

:::::: 

S*s||c|5»i5:»s|fsss  il|s$|: 

:::::: 

s 

;  aaa 

iiii 

iiii! 

iiiiii 

si 

iiiiii 

hKmI. 

Kk 

tmm 

Hamilton 

Standard 


DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-8 FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  I# 

TIP  SPEED  *654  FPS 


.  ,  -  . . .  ■■.#..■•#  «■<«••• 

I  •■■•****** ••■••**•* 


!!S<KSaS>SSSSaSSSSSSSSSSXSSS  •23a22***a *22* 2 2*222 •*■*••***»•***■••••■•••••■•■•■»••»•••••••••■■••••• ■••■•■•»••  ••»••••»* 

I  :::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::  I::::::::::::::::::::::::::::--.-...... 

I  22222222a22*22222aa2*2aB22222*X2*222222222*2a222**22**2222222*2*aaa22222a*2*2B**a********a******a*aa********aa***aa*aaa*aaaaaaaaa2* 
i  .*•••■*•**•■•••*•••>■**•••**■•••**•*•**••*■*•••**•  jj j j; JJJJ JJJ JJJ5S252 2*22**2222 2222222222 22222 2 2222 2* 22222 22 2 22 22* 22222 R222222 2 2 22 
I  2222222222222222222*22222  -2  22  222222222a  222  *a2*a*a  •••BiaaaaaiiaanaaaiaaaaMaaai  aaaaaaaaaa  itiianaai  Biivlaaaaiaaia2atta22aaaaaaaM  a  a 

I  222222222222222222  .. 222.. '2a 2******a*a.aa*a . . . .  aaaaaa.*.]  . . a.  a  a  aa  a  .1  a  a  t  aa  »«  — a  ;; 

■  -  - - -  >.  iii  ■■■•■  aaaaaaaaaa  aaaaaaaaaa  aaai*  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaanaaaaaa**  aa  aaaaaaaaaa  a  aaaaaa  ••**•**■•■** 

1 <aa aaaaaaaaaa aaaaaaaaaa a aaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaalitaaa a aa aaaaaa aaaaaa a aaaaaapaaa aiaa - 

a.  aaaiaaa aaaaaaaaaa  aaaa a  a aaaa  aaaa **. ••■■■■«»•••*■  aaaaaaaaaa  aaaaaa aaaa aaaaaaaaaa  aaaaaaaaaa  aaaa i«aaa 
aa  i*.*a*. aaaaaaa aaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaa*-- 
•a  ■ ■ ■■ la **••• aaaaaaaaaa a aaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaa 
I  aaaaaaa  aa  aaaaaaa  taaaaaaa  1  a  a  a  y  a  a  a  aaa  aaa  aa  aaaaaaaaaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  *222222**2*22222222*  22222  JJJ 


V  aaaaaaaaaaaaaaaai  a 


222X2! 

1 


iaaaaaaaaa  <a 


!aaaaa aaaaaaa a aaaaaaaaaaaa  aaaaaaaaiaaaaaaiAaakaaaaaaaaaafaaaaaaaaa  aaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaa 

I— - - - - -  —  aaaitaaana  ■•aiiaiaiiaaiiialaaBiaaiiaaaiMiaaaaaaaaiaaaaaiaaa  aaaaaaaaaaaaaaaaaaaaaa 

_ a aaaaa a aaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaaa 


....  _  iiliy 

laaaaaaaaaai  aaaa  aaaaa.  aai*k* - 

k - -aaaaaaaaa  aaaaaaaaaaiia aaai 

■  aaaaaa >  ■  a*ai*r— 
aaaaaaa.  aa laai 

_  __  _22222222222a*C2)|C;;;  "  *T*ar #  ••aaBaaaBaaaaaaaaaBaaiafaafiaaiaai — 

■  aaaaaaaaaa  aaaaaaaaaaaa--  _ai|ac  ai .  ■  a.aaa.  .ai aaaaaaaaaa aaaaaaaaaaiaaaaaaaaaai 
KaaalHaaai  aaaaa  aaaa-  .-aaaaaiaiaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  a  a  aaaaaaa  api 
■aaaaaaaaaai aaaa-  ..aaaaaa #S a ataai aaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaiaakaaaki 
■  aaaaaaaaaa!  ■■■acaaaiaaaaaia  ......  .  .. 

_ _ aaaaaaaaaaa  aaaaaaaaaaaaaaaai 

■  aaaaaaaaaa  aaaa  .aaaaaaaaaaaaaaaai 
22222222222222  >222222222222 
aaaaaaaaaafaaat - - 

I  *2  2  2  aa 2 2 222  222  ■  ■  a  -  aaaaaaaaaa  aaaaa  •  •ai.iiaal'.i.  aa  aaaaaaiBWBVaaaaaaaaa  ajB  aa< - - ... - --------- 

■  iiaaaaaata  >  a  a  aaaaaaaaaaaaaaaaaaaaaaaaaaaaafiaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaalaaaaaaaaaaaaaaaaaaaaaaiaaaaaaaaaaaMaaaaaaaiaaaaaai 

1  ;::2::::::::::::::::22:::::::n::222:22::::::::::22::::2:::22:::2:::j:::22:::::::::t:2::2:::22:::22::::2::::222::2r.::: 

■  aaaaaaaaaaiaaiail  a  ,  2222aaaaaa  aaaaa  aaaaa  aaaaa  aa  ia*aa>  ■■  a  aiaaaaa  a  a  aaaaaaaaaa  a  aa  ■■  inaaaaiaa  aa 

■  aaaaaaaaaaaa  i  a  a  22222  2  2  22  2aa2  2  2  aaaa  a  ■  2a  2a  #22222222222222  222^22  22..  aia2aa2aaaaaaaaa-aa-aaaaaaaaaaa  a  a  aaaaaaaaaaa  aaaaaaaaa  aaitlaaaaai 

I  2K22  22222  22  >2 2  222V  22222222222222222222 22 2 22 2222a  aSala  Saiaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa . aaaaa . aa . . 

I  aaaaaaaaaaaa ■■■■■■aaiBaaaaaaiBaaaaaaaaaiaaaaaaaaaaa aaaa aaaaa  aaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaai aaaaaaaaaa 

I  U22::::2:2:::22222222:2222222222222222222:2222222tt222:2::2222:222222222222:2:2::::2::::2:222222222222::22:22:::r . 

I  ■aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaBaaaaaaftaaaaaBaaBaaBBBaaaafaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaHi 
K  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaai 


_ _ laaaaaaaaaaaaaaaaaaaaaaaaaaaa 

»  ••••*•*■•*■■•■•■•■* aaaa. aaaaaaaaaaaaaaaaaaaaaaaaaaaa**** 

aaaa aaaaaaaaaaaaaaaaaaaa aaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaa 

E22223a2222*22222a*2*2a222222222aaaa*  aaaaaaaaaaaaaaaaaaaaaa 

aaa|aa^aaBaaaaaaayaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaa 

>a aaaaaaaaaaa a aaaaa aaaaa ■■■■aaaaaaaaa * * p -  P - S — 

aaaaaaaata22S 85 t>2 aaaaa aaaaa 2 a aaaaaaaaaaaa^ 

o2 2222a 2222%22222 222 2222222 22222 22222 22222222!! ■»■■■•■•■■ ■■•■•■•••■■■■•■•■■•a ■-•■■■•-■-■•■-■■■■■■■■ 

. r . . . . 


I  aaaaaaaaaa aaa aa 


aaaaaaaaa aaaaaaaaaaaa aaaaaaaaaaaa aa 


>22222*2 2222*2222222222222222! 


*«•■...#■■•■  laaaaaa  aaaa  < 


aa222aaaaaaaaaaaaaaaaaa 
a  a  a  a  a a ■  aa  •■••■■aaaaaaaaaaaaaaaaaaaa aaa 
aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 


■  aaaaaaaaaaaaaaaaaaaaaaaaaaa! 


•  *■■■«••■  a- 

... - - - , — aaaaaaa*'  - 

!••••••••• aaaa aaaa ••••••• ••••■••••> . 


!••■•••• ■  ■  a 
aaaaaaaaaa 


I  aaaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaa aaaa a aaaaa aaaaa  aaaaa aaa aaaaaaa a aaaa  aaaaa a aaa a aaaaaaaaaa  aaaaaa aaaa  aaaaaaaaaa  aaaaaaa# 

I  aaaaaaaaaaaaaaaaaaaaaaaaaaaaa . •■••aaaa . 

1 aaaaa a aaa* aaaaa aaaaa aaaaaaa* aaaaaaa aaaaaaaaaaaa*** *•••*•*•••••***■ aaaaaaaaa a aaaa a aaa* a aaaa aa*ai a a aaa aaaaaiaa 
J  22222 22222J2222222222222222222222222. 2222222222222 2222222222 222222K222222222222 22 22222 2 ...2a. 

■  aaaaa  a*  aaMaaaa  **••■•••*•••■*>••*•••«■••  aaaa  ■■•■***•*■••••■■  aaaaanaaa  ••■••  aaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaa ..  ...................... 

- aa - aiaaaaa  aaa  aaaaaaa  a  aaaa  aa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aia  a  I  aaaaa  aa  aa/lnaa  aaaaaaaaaa  aaaaa  aaaaa iaaaa aaaa aaa aaa aaaaa aaa 

•  aaaaaa aaaa • aaaaa a aaaa  aaa aaa aaaaaaaaa aaaaa  aataa aaaaaaaaaaaaaaaaaaaaaa la a aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa a aaa a aaaaa aaa 
•a alaa* aaa • aaaaaaa aaaaaa aaa 8a*a>a***aBa*a*a*fa**aa**a*%a|(%iaa*aa*aa*a*Ba***iaa*a***a*aa**aaaa*ai**Baa*iaaaaiaai aaa 


1222222  222*222! 


>••••■•••••■• 


aaa a aaaa aaaaa  aaa aaaaaaa a • aaft aaaaa ta a a< 


!!!8lBt!l!a!!8!»!l*ll>l9»!liM»»!“«»B!»!-«!»l 


Ilia . . . ana . . . . . 


!>>»■  BMBBMI 


aaaaaa a* aaaaa aaaa* a a aaaaaaaaaaa 
*•*■•*•■■■•.••. •••••.•• ••••■••• 

•■#•••••••••••(•••••••••••••••■ 


I  •»••■••■••  •■•••  >■■•«  ■■•■■•■••■  nil 


■  ■BBBBBBBaaiBaaBBaaai bbi 

■  aaaaaaaaaaaaaaaaaaaaaa! 


ilaaaa*  aaaaaaaaaaa 


■  .*•*•**••••■ 

■  •*••••*•••••*■ 


..j aaa aaaaa aaaa a aaaaa aaaaa aaaaa. - 

••a*a**aaaa***aaaa***aaa*aaa**af*a*a*i 


^••••?!!»|U2222222!22y22::222Hii2:H:222222222222222222222222222222q222n2222|222i222222MK 

R2„..... .............................. 

■aaaa aaaaa aaaaaaaaa. aaaaaaaaaa a*aaaa aaa. aaaaa aaaaa aaaaaaaaaa aaaaaaaaaaH 

.......... .....|aa^a ***** *****  a***. ............... .aaaaaaaaaaaaaaaaaaaa 


.... -iaaaa  ••••••••< 

aia* aaaaaaaaaaaa*! 


aaaaaaa  . . * . . 

aaaaaaaaaaaaaaaaaaaaaaaaaaa 


•■■•<• •■-•••*•.* »••••••••••••*••••*•■ 


■  aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 


.aaaaaataaaaa 


_ --J**#**!**! 

z..:i222222^22t::K*j: 

i.  ■■■■■■ ...a. ..a. .a  ..A  k 


1  22222222 22 22 aaaaaaa* aaa a a aaaaa a aaaaaaaaa aaaaaaiiaaaiaaai 
1. aaaaaaaaa . aaaaaaa. aaaaaaaaa. a aaaa. a... a .a.ataa.aia.iaaa . 

k.l.aaa.aau aaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaa 

i a  aia •aaalM a aaa •••■•• a a. a aaa a aaaa aaa aaaaa _ 

_ aaaaaaaaaa*. aaa aaaaaa* iaaaa *•••!•***•• a aaaaaaaaaaaa*  a..a aaaaa. aaaaaaaaaaaa*aaa a a aaaaaa a aaaaa 

■  aaaaaaaaa. *J****5*aaa*a***.a*i}aaaaaaaaaBa**aa***a»*******aa aaaaaaaaa. aaaaaaaaaaaaaaaaaaaa aakaaaaaa; 

■  - -aaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaa.  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa 


I  aaa..iaaaa..aaaa.aaa 
I  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  - 


laaaa.a.aa a .aaaaaaa. aaaaaaaaa. aa. iia.i.ia.aaaa. ■■■■■..... i..a..*.i 

.  . . . . . . . 

i.  a  aaaaaaaaaa  aaaaaaaaaa  a  aaaa  aaaa  a  aaaaaoaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaa#.  i 
iil»»>»»>Mga»aa>>».a»»iii.»a>>iiaai>ia  a  a  a  a  aaaaa  •••  ••  aaaa  a  BlMa  i 

- ... >{ ••.••• aaaa a. aaa. .aaaa. a.*.. aaa aaaaaaaaaaaaa aaaaaaaaa. aaaa#aa  i 

>a  a  aa>a  aaaaa  ..  aaaaaaa.  aaaaaaa  aaaaaaaaaaa**  aaa.  aaaaaa  aaaa>.»B  i 


a  aaaa«aaaaaaiaaa*caa*H 
•  -  -  - .  aaaaa  •*•**•••••■ 
■■  •2222222*2"*"* 

.  _ _ _ aaaa* aaaaaaaaaa aaa2E2 

lii'ii  aaai  *22222*222****2  aaaaaaaaaS 

. . . . .  J 

. . . 

*3* a* aaaaa a* a 2* 2**2 a aaaa* *2 *2* 222* 3 

ai  iaaaa223a#2*#  222222222***2  aa.  #>*■*■■ 

- ai*aaaa****aaa-«a.aBaa  *■ 


■  aaaaa. ’■*•4 

■  a. •aaaaaa. ai 


.aaaaaa. aaaa aaaaa ••*•******! 

. . ill 


•••aaaaaaaaaaaa 


- - 3*.  >..»■■»»»••. ■■•-■■••J 

aaa . aaaaaaaaaaaa 4 

•iaaaaaaaaa.iaaaaaaaaaaaaaaaaaaaafl 


I  aa.a.aaaai 

■  li.iintr- 


[a*l**a<iiatBaaaaaaa*a**aa*aa**(taia*iiuaaiiiaaiiaaaaki 
........ J«aa aaaaaaaaaa aaaaa aaaa a •••■•••••■ aaaaa aaaa a •••••••■••••••••■•••••• ••••*.*••< 

••••••a a* »•**••••• a* •■•••••••••• a ••••••••• •••••••■••••••■••*»• •"  ............. 

i|inai  aaaaaaaaaa  aaaaa  aaaja  a  ....... 


i  a aaaaaaaaaa ■•••#••• 


■  a. a •■••oaaaaax.. a. ••..•••■•.■>■■.•••«.•■■!>. °a#a. 

■  aaaaaaaaaa 

■  a.anaaaa.  .aaaaaaaaa  aaaa. aaaa*  a*i 

■  a.  ••>..•••  aa.  a.a.aa.  aaaa  •••....  a. 


iaaaaaaaaa  •••i*»a**aaa*i***aa*aaiaa.i2Saa.2*22122M**aaaa*a«  •«•••••••■ 

— - ^p.aaa.. *********  a*  aaa  *a  aa  a  aaa  a*  Aaaaaaaaaa  a  a  a  a  a •••• •••••a™ 

?  rt;?! lit:;:  :::::::::: 


_  _  _ _ _ _ _ _  _ . .  aaaaaaaaa aaaaaaaaa* 

tBaaaai*.iiai*l..i**a|*.iiV“ - - - ............. 

.  . . . . »e..il>Hnimiu..l>Minmii! 

•■•••a* aaaa* .a **•**•*•••••••■• aaaaaaaaa •*•**•*■ aaa •••**••*• 


.  •••• •*•••••••••■ 

. . •••••  •••••••*•••! .  _ 

■  •  ••••••  ••••••••••••••■••••••••aaaaaaaaaaa  aaaaa 


i.i..#.  ••  a  a  a  •#..••■  ■•• 


la*  aaaaaaaaaa B*ifat*Biiaaaa*aaa*..aaaaa****.aaa.ai.l 

a  ■•■«••■•*■  ■•*■«*••«.  ■( - ...... - ........ 


ala*  aaaa. a. I. 
Baaa  aaaaaaaij 
>*aaaaa»a*a*f| 


I 


Hamilton 

Standard 


OlVIStON  OF  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  1 10 

TIP  SPEED  =785  FPS 


'NET  BASIC 


,-wJBVKa  ■■■■■■  ■■•■•••■■■ ■■■■■ ■■■■■■■■•■••■■■■■■■■■■■■■ issbibssSs ■•••■•■■■■  ■■■■■•BIIB ••■■■•■■■•■ 
i ■ ■■■■■•■« a ■■■»■■ ■■■■■■■■■■■■■ ■••■*•■■•••■■■ ■■■•■■•■■■ ■•■■!•■■■■ ■■■■■■■■■■ ■••»■■■■■■  aaaaaiiaaaM 
. . .  . . ■naaa>a||luu||||l 

.  . I . IBM  BBBBBBBBBBBBBBBUBBB  ■■■■•■■■■■■ BBIBB BBBB  BBI1IBBMIBMMBIBBB  HHBIMl]  ‘ 


!••••!««  | 


-  - Mi  Bi,f*aaaiiMBiBIBMa(lBIHia  ■■HHI  - 

liMBBBaaaBniMk-  i(iaa»..  *'*I***aamiMI(ill(liHMIIlllMI 
■  iBBaBaaamaaflBaaaBiMBBaitiiMiiaa...  -•  ■iBBiisaaiaia||B|a|B|a| 
[MBBBr - •‘■•«|B(|H^MMBM(B|H^JHBBBMM| 


aii)tit>ssi)tp,9ai«a>iaieaa»i  ••aaiaiai 

. . . . .  aiiaiiiii 

HHIHHMIVIWIHWIliVWVVWIWWMIVVIWIlVHaia  iBsaa  aaaaBBBBBa  bbbbb  bbbbi  aBBaBiBBi 

. . . . aaiaiaa..'<BaMaataaaaaaBaaaaBBpMaaaaaaaaaiB*llBt(ai|ai 

. . . . . . .  . . . . . 

•  BBBI BBBBB BBBBBBB  '  F«B(  't  .  a I B B BBB B I ■ BBB ■ B B BB BB »  -  B I ■ •  ■ B B B BB  I  BBS BB BBBBB BBBBB BBI 
I  ibbbi  aaaBB  ISBBBSB  a  jbVb.i  *  ■*••  bbbbi  ■bbibibbbbbbb^  'Bbmibbi  a  bbbbb  bbbbb  bbbbibbi 

BBBBB  BBBBIIB  ■•■■■•■ I  lak*lBia.. . . 

BBBBB BBBBB BBBBB iaaaa  BBBBB BBBBB BBBBB BBBBB 
•■•■■■■•■■ BBBBB BBBBB BBBBB BBBBBBB BBBBBB  B 


BIIHIBBIMailSIlllilBBBBtmilliBJI 


BBB^BasaBBaB^aBBBBBBB^aBaBBBBBSBBBaBBaB  B  b| 
AAAAAAAAAAABBB  BBBBB  IB  BBB  BBBBBBBBBB  BBBBB  BB  BB|B 
laBBBBBBBBBBBBBBia  BBBBBBBBBB  IBld 


MWWiMtaaaa  bbbbb iai as • Bill •••••••■•■•■■■■ . . .  ■•■•••  A 

laBBB  BBBBB.  BBB*  BBB  ■  BBBBBBBBBB  BBBBaBBBBB  BBBBBaaaBB  I SSBB ■•■■■ ■■■■■■■■■■■■■■■ I  IHB 

»»»-'* BBBBB Bfc 'BBBBB  B  IB ■■■■■■■■■■■■■■■■■B BBABB BBBBB BBBBBBBBBB  BBBBB BBBBB BBBBBBBBarf 

bbbbb ^  ibbbb  a bbb bbbbbbb aaBBBBBBai bbbbb aBaBasBBBBaaBBBaaBsa bbbbb bbbbb bbbbh 


l| BBBBB BBBbI BBBBB BbSbbBbI 

BBBBBB BBBBB BBBIBBBBBB BBI 

aaMMBaaBiaaan|B| 


.  .  NH  BaaSaaBaas ■■■■■■•■■! 

BBiBsaaas  a  a  a  a  a  a  a  Ka  a  a  a  b  b  a  a  a  a  i 
Vaaaaaaaaa  aaaaa  aaafea  asaaaassB) 

aaa  a  a  a  a  a  a  a  aaa  aa  a  aaaMHMMMI 

a  a  a  BBBBBniBasaBsaj 

S“H| 


■  ••■■■■■■■■  BBBBBBBBBB  BaHBaBBBB  1 1 

a  aaaaa •  •!•■ . . . . . 

|  IBBBB  BBBBB  BBBBBIBaiBBf  BBB  IBBSa  bMNR 
Iibbbb bbbbb BBBBataataiBvBaaBBBB aaaaa aaa 

■iSBBBBaBBB BBB BBBBBBB B B BB B B 18 BB B B BB 8 SB B 

■ •BaaiBBBBBB aaafiaaaas aaaaaaaaaaBaaBaaaa 

I  ■■■?=??BBOMBMBIBaiBBBBBBBBBBBBBBBBBj 


•Baaaaaaa 


iaaaaaaaBa BaaBBBB 


PHM:::::  ^aaBBBBBaaBBaaaBBail 

laBBBHBaBBaBiaaaaaaaaaaBBiataaaBaaBBBaBi 
■«■■■*• lIBBSal ■■■■■■! ■■■•■•■ !■•■•■ *AAAAAI 
I aaaaaaaaBB  BBBaaaBBaB  bbbbb  bbbsb bbb j 


s laaitaal 

■  ■  ■■■••■■Ml - - 

la BBBBBBBBBB BBBBB BBB 

IB BBBBB BBBBI ■■■■■■■■ 

ib bbbbb aaaaa aaaaa aa| 

a aaaaa  ka bbbbbbbbbbb 

■■■■■■■■■■■■■••isai 

BBBi BBBBBB BBB B a SB* 

BBBBB a Bias  I BBB BBSS 

II  •■■•■■■■■■■■■■■■■■* 
8B8888B8B8BB8881IB88S 
BBBBB  SBB8I 


iiibbimMI 

■  ■•■•■•■•■•  iNOTimR 

flBB B BBB BBBBBB BBB BBBBB 

Um*iii*||||iiaBB>a  i 


BIB . . 

BBBBBBBBBBB  BBB  B^l 
VMHhbi 

BatBBBsjsj 


!!!!!!!■!!!!! 


bbbbbbsbsbbbbbsbbbsbbS 

. . . . IBBBBHIB . . . . 

^BUBiaBUMHflBBBaiaasiiaiBaaafliBSflBBtBaiBSaaBMSiBiBBBl 

. . . . . 

aaBaasaaBBiaBBBaaBBss BBBBB BBBBI BSSBBBaaBB BBBBB BBBBB BBBBB bbbb4 

■ IBBBB BBBBB BBBBBBBBBB BB B B# BB BBB BB BBBB BBB B BBSSB « BBSS MSBB BB BBB| 


NET  BASIC 


^aSSaaBB88SSSBBBaaSSBBBBBBaaaBBaBBSBaBBBaBBSBSBS8BB88limSI9l 
■|A||8  BBSS  B  B  B  B  a  •  a  SB  a  a  a  B  BB  a  aa  8  ss  B  sna  sa  BB  a  a  B8  BS  aa  B  BB  ssiassaBBil 
■BMBBasasaiBaa  bbbbb  bbsib  bbbBb  aa  bib  bbbbb  bbbbb  bbbbb  bbbbbi 
(?B*BBBaasasBBB BBBBI BBBBB BBBBBBBBBB BasBI BBBBB BBB 8 BBSS Bl 


BBSS  B  BB«  a  a  BBS  BBBBBBB  Bail 

MHibbbb  bbbbb  iBaaBBBBBaaa| 
Ibbbbbbbbb  ■Biaiiiiij 

■MMHMlBaBUBBBi  BBB . . 

. . . aim . . 


1 bbbbbbbbbb BBBaataBBBaaaaaBi 

I  •■•BBSIBBB  BBBlfnaiB  BBBBBB  I 
_ IBBBB BBBBB BBBBBBBBBB BBSS BBI 

I BBBBBBBBBB  BBSaBBBBBB  B BBB BBI 


BBsaaf bbbb aaaaaaaaBa 


iBBBBaaBB^aaaaaBaaaBaBBaaaaaaaaSBa bbbbb BBBaaBaaai aaaBBBBBBa BBBBBBBai^. 

!  B|S  B  BBB  Sa  BBBBB  BB  BBS  BsSaaBBBBB  BaBBBBBSBB  aasa!  BBaaa  BBBBB  BBBBB  a 

|Ull|||||||lU||||||||IIIMIBIBIBMiaBBBBBBflllBiinBBIIBaBBIBIBlMI 

BB  BBBBB  BBIBBBBBBB  BBBBI  BBIIIMBSB  BBBBB  BBBBB  IHSl 


^Tbbbbbbbbbbbbbbbbb  ala  aa  !a  a  Sa  a  ua  a  a  i  a  aa  b  b  b  bbbb  ai 

■  •■■■•BBBBBBBBBB  BBBBB  BBBBBBBBBAlBBIBBIBB  BBBBBB) 
MaAAAAAAAAAAAAAABUBB  IBIMIB|BBBBBBBBB|B|B|BBaBI 


••■■■■••BBBBBBBBBBBBBBBBIbBBBBIBBI**»BBB BBBBB »0®a««BaBBB*lias  BBBBBBB BBBBB BBBBB BBBBB BBBBI 

•  ■•■■•■■■•  ■•••■•••••••■•••••■•  ■■•••BBBBB  BIB  ■BBBBMBBBBB  BBBBB  BBB  BBBBBBB  BBBBBBBBBB  BBIBB  IBBBB  •■■■■  BBBBB  BBBBBBBBBB  ■■■■■■■■■] 

B »■■■■■»■■■■■■■■••■■■ ibbbbbbbbb ■•■■•■■■•■ IBIbbbbbJbbbbbBbbbibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
I®AABBBBBB  BBVBBBbABI BBBB I BBBBB  BBBBBBBBBI BBBBBBBSHi  IBBBBBBBBB IBBBBBBBBB ■■■■•■BBBBB ■■■■BBBBBlBBBBBBBBB BBBBB  BBBII IBBSBB  BBBI 
;■■■••■•••■•■«■■■■■■■■■■•■••■■•■•» BBSS* ■■■■■■ BBB BBBBBIBSBBB  BBBBB BBBBB BBIBB BBBBI ■■■■••■■••■■■■■ ••■•■■■■■■■■■■■ •■■■••■BBI 

■  ■■■■■■■BBBBBBBBBBBI  •■••■■■•■■••■■■•■■■•  •••• . .  I  BB  ■  B  ■■■■  B  B  B  B  B  ■■■■■■  BBBBB  BBBBBIBBBB  IBBBI 

ABBBB ■•■•■■■■■• I BBB 8 BBBBB BBBBB BBBBBBBBBI ■•■••••■■•(■•BB BBBBB ••■■••■■■BBBBBBBBBBB I SI • B ■■■■■••• I ■ I E •■•■■■■■■■■■■ ■•■■■aSaAI 

I IBBBBBBBBB  *BBBB*IsBb BBBBB BBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB BBBBBBBBBI BBBB  I 
BBBBB  PBBBB BBBBI BBBBB BBBBB BBBBI BBBBB ■••••••■•! ■■■•■•■■■••■•••••■•• BBBBBBBBBBBBBB I 

tffBIBBBBBB«BBBBBIBB ■■••••••••■■■■■■•■■■ BBBhlBBIf Jr  .■ B ■■■■■• BSBBB ISBSB BBBBB IS8SI ■■■■■■■•■■ ■■■■■■■••• IBBBBBBBSS •■■■! 

nil . . . . . .  >  k.f - -a 

•■■••■■•■••■■•■••BBB  BIBIBBBBBBBB  B^k  BBBBB IBSB| BBBI Bill | BBS BBI  -  _ _ '-«] 

BBBBBBBBBB  I . .  IMSIBBBM  . .  ■  ■  B  B  •  B  B  B  1  B  BB  S  1 1  •  '  ,  . . 

(•■•••BBS BS  BBBBBBBBBB  B8S8BBS8BB  .III!  BBBIBIMSSBBIBBMI^^^^^I^^^^^^^^H^^^HH 

■  ••■■•■■■■■ BSBBBB8B8B IBSSBSB88B BBBSBBSI *  I  * IBSBBBB--  .,b«sSIBBI •■■■••■•■•■■■■■■■■■•■■■••■aB^ ' •BB«.JI .  Ik  •■Bk  >  f ■■■■■■■■■%•■■■ 
I BBBBBBBBBBBBBISSBBSB •■••■•88A8 18888B8S *■ •  IbbbbBBBS ••••••■■■■ BBS8B8SBI8 ■II8S8888B •■■■■8B8SB B.  -»SB BBBBI BBBB888ISB ■  ■■■•■SBall 

■  »■•■■•■■•••■■■■•■■■■ ■■■•■•■■•• •••••■■•■• ■■■■■■■■■■ ■■■■■■■■■■ ■■■••■•••■■■•■■•■■■■■••■•■••BBBBBB ' SI  1  ’•■■f  'F  .'■■■■■■■■■■■•■ l| 

■  BBBBB  •■•■■  BBBBB  •■■■■■BBHbBBB  B  BBBBBBBBBI  ||||U|||U|U|l|||U|||UUU||||U||y|UU||MUyBU^^|^^(||U|B||B|J 

■»■■■•  »■■■■•••■•  BBIBS  . . . 

■  ■••aillllliinjitiai  aoBltjusi bbbbi  suuuuJ 


|HBBBBBBBSHIBBb-  I 

^  u  u.  t.  ■a  v ^  ■■  BBBB  B I B  ■  BB  IB  BBI^^^^^A  -  -  

BBBBBBBBBI ■■■■■■■■■■ BBBBIBIIIBB ■•■!■■■■! ■■■■•■■■•• BBBb.  1 ■ 1 

BBBBBBBBBB ■■»■«■■■■« BB»SBI«SSSSBBBBBBBBB BBBBBBBBBB BBBBBBB  ■ 

■BBBB BBBBI BBBBB ••••■■•■■■•■■■■■■■■• BBBBBBBBBB BIBBB IBBWBI 

•  ••■AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAMABAAAAI 


NET  BASIC 


■  ■•■■bssbbbbbHM 
I ■■••■•■•■■•■•■■■ 

M I ■•■ ■ IS  BIS  BIBS BA| 

I  IBBBBBBBBB ■•••  | 

I  B*ibbEbbijAAAaJ 

I  *2*M 


iIbbbi 


IBBI ■■■■■■ 

•••■••ism 

•■•BBBBBBB 

■■■•■■••ifii 

>■■■■«■••■■ 


I •■■■••■■■•■■••■• 

■ •■■■■■■■■■■BBBBB 


ISSBI 

»■■•* 


ImM 

'» 

II  1 1  HI  I 

IB  ■■£••■ 

OTbbbms 

■•■■■SSI 

iiiiiiM 

■■■•■•■■ 

■■••■■IS 
■■■■•■■■ 
■■•••■■I 
■  ■•  HIM 
■••■■■BB 
IBBI  BBBBI 

. . . 

III!  ■■■■• 
■■■■■•■■ 
!■■•■■■•• 


ST 


I ■••■■■■■■■• BBBB ■■IBB IBK 

yiiBitiMiiHiiiinilBii 
■  ■■•■■■■•••■ill  miiiiii 
■■•BBBBlilllBII  •■■■■all 
•■•••■■■■ ■■••••■■!• BIBSS 
Mibmbismbsbbbbbbi  bbbbi 
0 ••■■■•■■••■■■■■■■■■»■■■ II 

Lssainjuniii  ■■•■•  ■•■•• 

■  ■•IRniMHIMMlilSHlII 

■ isBBI IBBBB ■•■■•■!■■■ isl 

I  ■••■••••■•••■••■■■•il«MP 

I JSBBIBBIBIIBBBISBSD® SBOaa 


I! 


ii: 


Ki::i 
■•■■■• 
■•■■■• 
BBBBBB 


•■■■■■ 

■■••••Sb 

■■■■■■■■a 

8  ::ysl:s 


!■■■■  •■MIMIflfB 

KbiiibsbbbSbbii 


Bill 

■  ■■I 


■iiiMMin 

■•■■■■■■■■■ 


1SS.S1S 5  ”J=S 


■I ■■•■■■ BBS 

RABBIS I BAja| 


RR::8»s 

1:88::::::: 

. .  M 

•  i  •  ■■■■■■■■■■■•■■■•■■  IllUt  ■•••• 

^■••••B  ■■■■■  ■■■■■■■••••■•■••SCSI  I  BUB 

■■■■■■■■ 

Miis'sssi 


:::: 


in:: 

•  ■■••< 

:::::: 


::::  »  : 


!! 


BiihBB 

SHM 


IHIttHHIHl 

iaiiii!"!!!“g!! 


KSsEisSI 

. . . . . . . 


iliiLiiliiiiU 


BHP(A/P) 

D2 


FIGURE  70 


- v~-  -  - 


Hamilton 

Standard 


DIVISION!  OP  UNITtO  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  Bl  -  3WT  I"10 


1BBBB BaBBBBBI 


■^1  ilaRi  a  *  a  »PM«iay 

i  a a ******  adBa*aa  S  •■■■>••••■■ 

i  (■•■••■•••  xmiHOgHHitij 


tnet  basic  i. I 


mmiui  ■■■■■■! 


B*a ************ BBBBB Bl 


■a a ■ a ■ a ■■«■■■ mb 

uaiiliMlMmmii  umiiMi  a a  ■•>■■■■■•■ 

*■■«■■*• •■*•■*■•■••■**■■*■** ••■•a aaaaa aaaaaaaaaaaaJ 
bB*waa*aaBaa*Baa*t**aaaaa*B*B*B ■«•**«•  miMalNMMHM 
■  BIVBIlIBBBaltliai  ■•■MBBBVI  MBMBaiaa  laBMBBMIBBBMiaatfl 


„  — — HHMII — —  . . . 1 - - — I —  . . .  . . 

liaaaaaaBaBaiaaBBBiaiaBaaaiL  . . . . . . . 

L||||aa||||||||||||a||||||aM|BaiiMBaiiBBiaaaaBaiiaaBaaaaaaaiiaaaBaniaaaaBaaaiBaaitiaaaaiBaaBaBaaaaiB«aaaBaaaaaaBaiaM 
hMBBBBBBamaBBUBaaBaBBBlBB  BBIIliiBBBB  aiBIBBBBB  BBiiaBBIBBaaBaaB  BBB|  aaMalMnBaHB^H^^ 


Fm7auaT7aMMMHi7ManMaMa>a7iiBaTT^a7T>niiiBMMniiniinMaiMaMmBMBB7Taa»tauMa»iaHaiui!a  •••Maaani 

LiBaiaiaaaiaiaaaitan  aaflBMiaaaBBiBBialaiaaiB.  'itriiiaa'B'aaiBaBaaaiKaaaaaiaaaailiaiuaiaiaaaaaaaaaiiaaaBBaMaaaaaiaaaita 
■BBataaBaaaaaaaaaaBBiiaBaaaiaaBBaaaaaaaaiaUaaB.i  1  a  a**  •  BlaBaaaaaaaaaaaaaaaaaaaaiBa/aaaaaBaBaaiaaaaiBaaBaaaaaaaaaaaaaaal 
|!MaBMMiiBiNMaiinHmiaiiaBinmMHuniuim:uiHamBimiiiHiiMBBnmBiiiMniaMiianiHiNiiNUBBiii] 
. . . . . . . 

liaaaaiaaaBaaaaBaaiaiaaBaailaaaaBiaaaalaaaa aaaaaaaaaaaaaaaaaiaaaaaaaaaaaaaaAaaaaiaaJ 


laBaiaaataii 


.  . . . 


.  . . . 

MBS*  IBUI  ■  b  a  a  a  a  ■  ■  a  a  a  a  a  ai  Btauaa||| 
•  •mi  aaaBB aaaaa  •■******■■  •  **• 
HjA|M|MA||MMM|||*a  a  a  ■■  1 


•saaaB*aBa**aa*BBS*l 


'••■■••••■■faiiM  »*“*****! 


laBBBBBaaai 


a! a aaaa aaaa! •!*"!*••■■ aaa •■•••£■ •**•■!!'■■ aaaaaaaaaaa 

aaaaaBBBBaaa aaaaasaBaa aaaaa BBBBB ********** aaaa a  «• a*  Ml 


HaaaMaaaaaaiaiaaaai  imMHMWRM 
litaaaataiiBBiMaaaaB  iiiiMiiiaiim^Tl 

|aaaaaaaBaaaaaaa£aaaaaaaaBBaaaaaa»«aaaaM|l^HHHIMMSHWHWHHHWHiHHHHHHHHHm 
|aaiaaaaaaaaiiaaia«aiiaaaiiaia»a»Maa«iaiini^  ■  i  ••  •  i. iiiaiiiaaiBaiHiliBMiaMaMaiaiai^M 

Uaaaa  aaaaa  aaaaa  aaaaa  aaaaaaSaaf  a  aaaa  aaaaa  ammaaBiMaiBLjan  . . . 

Biaaaaaaaaa aaaaa  aaaaa  . . . . . . . 

■aaaaaBaaaaaHaaaaaa^aaMBaaaaaaaBaiiaaaaaaaaaaaaaaaaaBBaaaaaaaaBBaBaaaaagaiaaaaai'aMa&aiiaaBaaaaaaaiSai 


■PNaaanBMaaiaa . a . . 

ijflaaaaaaaiaaaaiiaMaaaii  . . . . . 

raaaBB a aaaa aaaaa a aaaa aaaaa a aaaa aaaa* aaaaa aaaa a aaaeaaaaaa aaaal 
■  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  Baaaaaaaaaaaaaa  aaaaa  *BBaa***aMMaJ 
i  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  h  a 


a aaBaa aaaaa aaaaaaaBBB aaaaa aaaaa ai 


la  a  aaaaa  a  aaaa  aaaaa  . . .  aaaaaBaaaai 

HHMHHSSHHHVBHSSSIaa  aaaBB  aaaaaaaaBaBBaaaaaaaaBaaBaaaaaaaaBiaBBaaaaaBaMMBa  aaaaa  aaaaa  i 

. . . 

ii»BifMBHBBBMa»aBiaBBMa.ilBa«aaaiBaiay«timnnmmi|| 


laaaaaS 

bmimbmI 


RiSJi'mIBB* . .  BiaBaaBMaBeaarBiBBaBB»sarBBaBa«aaaaaBBaaaaBMBBBaaaaaaBiaiaBBaaaaaBBaaBaaaaaaaaaaaaB< 

. . . . . . . . . . . 

"•**a*»**********M*aa ********** ********** aaaa ****** ******** a*  aaaaaa«a»i«»aa»  aaaaa  ***************  a  aaaa  aaaa  a  aaaa  a  aiaBiaaaai 
■  •aaaaaBaaa  aaaaa  aaAaa  aaaaaaaaaaaaaaa  aaaaa  aaaaaBaBaaaaaaaaaaaa  raaaaaaaaa  aaaBaaBBaB  aaaaa  aaaaaaaaaaaBBaaaaaaMMMMAaMMBi 
|  •  a  b  a  a  a  b  b  •  a  ■  a  b  b  b  b  a  a  a  •  ■  a  a  a  a  b  a  b  a  a  b  a  a  •  a  a  a  a  a  •  b  a  a  a  a  a  aa  b  a  a  a  a  a  a  B  (M|aaa|aaaa||ai||a||aaiaai||aM|aiMa|i|aM||d 
Ibiibi  m  Baa  a  a  ********  •biiiibiii  mmimmi  bbbbb  •••■■  ■  aaaa  a  a 

.  . . . . . 

I  laBaaasaai  aaaBi  aaaaaiaaaaaaaaa  aaaaa  aaaBB 

I >nt>ipi)tas«gi«a>Et iBaaaaiaaa B**A*Bl**a ***** 1 

liaaiii>iilHiii|BHliBiBBa||M||Mii|H|||J 

■•BMa*aaaaaas****saaaa**aa*4 


TIP  SPEED-915  FPS 


lbb  bbbbb  bbbbb  aaaaa  BBBBBABI 


IB BBBBa BBBBB aaBBBBBBI 


laaaaaaaaaaaasBaaBBaa  a**a***aBf*ia***BBBiaaa*B aaaaa B**Ba*B*a*aaaaB*aaB*'aasaaBaaa3 
'•■■■■■■■■•  i»»»Ma«*B«MatB»*'  -a aaaaa-  'MiaaiMaa aaaa****** £***■**•*■ aaaaa aiiaa 


NET  BASIC 


■bbbb Bbbbb bbbbb bbbbb bbbbb bb*§Bi 

■jaaBBasaasBBaaaaasaaBBaaasaiai 


BBBBB BBBBBBBBBB BBBBB BBBBB ■ 


NET  BASIC 


TIP  SPEED -980  FPS 


. . . 


Il-Bf;* *****•#■■*** ********  aaaaa 
••••■•••**•••**•■*•**•»••••***•»*»*»**§» 

■  •aaaaaaeas  Baaa*  aaaaa . Baa* 

.  . . * . 

.  . . .  i 

■aataaaBaaBaaBa aaaaa* aaBBBiaaaaBaaaaaaeas*aaaB 

. . . 

■  aaaaa 

i  it  a  a*,  aaaaa  ■•••••■••■■•hi . 

itaiiltaiiniiaiiiii.Mn.  . . a 

. . .  a.  "*•»• 

■■*•-#*****••■* a***# •_ 

ft!!,,!a,*M!a,H*aa,,a,a,,a . . . . 

liSS!!M!2S!!aS!!!S!S»!!!!!!!S!S!SS!S!!!!!!!!  '  ’  •''.••iMaMaMtaMHMiiMiiilMlimiaaaiaaaaa,.«.a>  ■  in  w*ii*i*| 

«  • ■ « 'S£f58s ********** *■**■***■• ■•■••*■*•• •  3aa*a*a***«aS*M*«B4k.M,iaB*aaifl 

«ss::sis2ss::K:ssss::::::ssss::sK::Ks::::s::::ss:::3::s:::Ssss«5:K| 

I:::::::::::::::::::::::;::::::::::::::::::::: 


i!  *  i  rx,-. 

'"laJJ^r  liilaiil 

■  in  iBBaaial 


D2 


FIGURE  71 


Hamilton 

Standard 


OlVfSION  or  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUOED  PROPELLER  TEST 

PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  V° 


s.sfv? 


Hamilton 

Standard 


DIVISION  OP  LNITEC  AIRCRAFT  CORPOP'TON 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  1-8 FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  V# 

TIP  SPEED  =654  FPS 


tliii  ■••ttiiaiiiH 
aaaaaaahaaBaaaaaaa 
aaaaiaBaaavaaaaaaB 


■  aaaaaaaaaaaaaaaaaa aaaaaiaaaaaa aaaaaaaaaa *8BaaBB#8Baa*aB| 

I  at»Mii««iiiia«aniitBaM»iiaiaaffaii«iia#i>>BMi>>*<*«' - 

.  . . . . . 

aaaaaaBBBiaaaaiaiaaaaaaaaaaaiaataaaavaitataaaaB 

■  aaaaBaaaaaaBaaaaaaaaMaaaaaaaiaBaaaaaaaaaaaBaaa 

laaaiaBaBaaaaaaaaaaaaaaaaaaaaaaaaaaBaBaaaaaaaaaa 
aaaAaaa  aaiaaaaaaaai  ■aaaaaaiBaaaaaaiaiaaatlllaia 

)'iiiiiitWB>M  aaa'aaaaaaiiStnaaiMa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaa 

aaaaaaaaaiaaa  aaa  . . aaaaa . . 

■ . aaaaa  aaaaaaa  naaa  >•••!• . . . ••••■• 

■  taaaaaaaaaaaaaaaa  aaakai  aaaaaiaaaaaaaaaaaaaaaaaaaaaafaaaaaaaaaaataaaa 
■  ■aaaaaaaaaaaaaaaa  aaaaaa  'aaaBaaaaaaaBBaaBaaaaiaaaaBBaBaaaaaaaaiaaaaaa 

■  aiaiauaaiaaaaaai  aaaaaa*  rt . aaaaaaaaaaaaaaaa . aa.aaaaaa . 

Ill . aaa  aaaaaaa  aaaaaaaaa . . . . 

1  aaaaaaaaaaaaaaaa  aaa  aaaaa  aaa* aaaaa aaaaa aaaaa a  a  a aa  aaaaaaaaaaaaaaaaaa 
■  aaaaaaaaaaaaaaaa  aaaaaaaaa  aaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaaaaaaaaia 


■a aaaaa aaaaa aaa aaaaa aaa a aaa aaaaa aaa a a aaa 


aaaaaaaaaaaaaaaa  . .  aaaaaaaaaa  aaa aaa aaaaaa aaa aaaaa a aaa a aaa 

aaaaaaaaaaaaaaaa  ■•laaaiaaaaaii  -aaaaaaa aaaaaaaaaa aaaaa aaaaa a aaa a aaa 


■  aaaiaaaaaaBB*  -aaaaaaa aaa a -aaaaa a  a  a* 
aaaa -aaa aaaaaaaaa.  - - -  a » a f  aaaaaaaaa 


aaaaaaaaaiiaaaa 
■aaaaaaa aaaaaaaa 


■  aaaaaaaaaaaaaaaa aaaaaa^ 
I  aaaaa aaaaa aaa aa  a 


-aaaaaaaaaaaaaaaaaa  -a  -aaaaaaaaaaaaaaaaaaaaaa 

i.  -aaaia  aaaaaaaaaa  aaaa  aaaaaaaaaaaaaaaaaa  i - 

iaa  -aaBaaaaaaaaaaaalnafaaaaaaaaaaaaaliji 


■  aaaa aaaaaaa. . 


I  ■  a  a  a  a  a aaa a  a aaaa a  a  a aa aaa 
I  aaaaaaaaaaaaaai  ai - 


_ _ j'SKiaaBBl  aaa  a  aaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaa 

..........a#  aaaaaaaaaaaaaai  aaa  a  ■  aaaaa  aaa  a  a  aaaaa  aaaaaaaaaa  aaaaaaaa 

aa aaaaaaaaa*  aaaaaaaaaaa aaa a aaa aaaaa aaaaa a aaaaaaaaaaaaaaaa aaaaaaaa 
aa aaaaa aaaa-  aaaa a aaaaa aaaaa a aaaaaaaaa  aaa a aaaaaa aaaaa aaaaa aaaaa aaa 
-.aaaaaaa aaaa  aaaaaaaaaaaaaaaiaaaaaaaaBiaaaaaaaaaaaaaaaaaaaaaaaaaaa 
■aaaaaaaaaa aaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaaBBBaaaaaaaaaiaaaaaaaaaaaa 

■  aaaaa a a aaaaaaa  aa*aa aaa aaaaaaa a a aaa a  a  a  a  a aa a aaaaaa a aaaaa a aaaa aaaaaaaa 
I  BkaBiiiBBaMaa  aaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaa  aaaaaaaaaaa  aaaaaaaa 

■  aaaaaaaaaa aaaa  aaaaa aaaaaaaaaa  aaaaa aaaaa a  a aaaaaaaaaaaaaaaaaa  aaaaaaaa 
I  aaaaa aaaa a aaaa  ■ a aaaa  aaaaa a aaaa  aaaaa a aaaa a aaaaaaaaa aaa aaaaa a a aaaaa aaa 


»aaaaa*aBBaaaaaaBaaaaaBaaaaaaaBaaaaBaaaaaBaaaaaaaaaBaaa*aaaaaaaaafl 


aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaaaaaaaaaaaaH 
iaaaiaaaaiaBaaa<aaaaaaaaiaBBaaaaaiBaaiaaaiaaaaaBBaaaaiiaaaaaaaaaaH 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaA 
aaaaa  aaaaaaaaaaaaaaa aaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa  ■ 
aaaaa  aaaaaaaaaaaaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaa aaa  aaaaaaaaaa  ■ 
aaaaaaaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa V 

aaaaa aaaaaaaaaa aa 

■mb#  aaaaaaaaaa  j  J 

...jaaaiiiiafliiaaaaaaaaaaaaaBaaaaaaaaaaaaaaaaiaaaaaaaaaaaaaaaaaaaH 
aaaaaaaaaaaaaaaaaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaaH 
-aa^aaaBBBaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaBaaaaaaaaaaaaaaaH 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaflaaaaaaaaaaaaaaaaaaaaaaSaaaaaaal 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaH 


aa  aaaaaa aaaaaaaaaa aaaaaaaaai aaaaa a 

B* aaaaaaaaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaaaaaai aaa 


■  aaaaaaaaaa  aaaaaa  aatiV 


■  a  a aaaaaa b 


TIP  SPEED  =  785  FPS 


I a aaaa aaa aaaaa# a a 
Ida  aaaaaaaaaaaaaai 
a  g  a  a  ■  aa 


aaaaaaaaaa aaaaaaaaaa  aa 


MrMBBBBBa*aBBBBaBaaaaaaBB*aB*BsaaiiaBaaiaiaaBBBBa»B«  aaaaa  da 
_ _  _ _  .  Jhaaaaaaaaaaaaaaanaaaaaaaaaaaaaaaaa*- -  aei  aaaaaaaaa 

■aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaakaaaaaaaaaaaaaaaaaaaa-^.ai^ 

BaaaaaaaaBaaaaaBaaaaaaaaaaaaaaaaaaaaiaaaaaaaaaaaaiiaiaaiaaiiiiiiaiiB 
lajaaaaaa  --biiiib*  .•tiiiiiiiMBBtliBliBBaailiiiiMBBMBiiaBBBiBllBl  aaaaaaaaaa  aaaaaa 

aaaa aaaaaaaaaaa" aaaaaaaaaaaar^-aaaSaaaaaaaaaaaaaaaAaaaaa  la 
■  aaaaiaaaaaaaaaaaaiaaaaaaaaaaaaaia - - --.a* -  - - - - - - 


NET  BAS1C 


I aaaaaaaaaa  a  ft 


ata  aaaaa  aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa^ 


■T aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaalTt  aaaaaaa 

I  aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa  a aaaaaaaaaa a aaa a  a aaa aaaaa aaaaa  aiaaa aaaaaaaaaaaaaaaaaaaaaa a A  aaaaaaaaa a  aaaaaaaaaa aaaaaaaaaa aaaaa a i 

■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  a aaa a  a aaaa a  a »aa aaaaa aaa a a aaaaa aaaaa aaaaa aaaaa aaaaa,aaaaaaaaaaaaaaaaaaaaaaaaaaB 

■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaa  a  aai  a  a  aaaaa  aaa#aaa  aaa  aaaaaaa  a  aa^ aaaaaaaaaaaaaaaaaaaa  a  a  aaaa* 

■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaa t aaaaaaaa a a aaaaa aaaaaaaaaaaaaaa ■••••“••••**•••■•••■••■••■* 

|  aaaaaajaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaajaaaja aaaaa aaaaa aaaaaaaaaajaaaaaaaaaaaaaaaaaaa aaaaaaaaaa a jaaaaaaaa aaaaa aaaa jaaaaaaaaaaaaaaaaaaaji 


.  . . . . . . . . . 


laaaaaaaaaaaaaaaaaaaaaaaaaaia 


•a  aaaaaaaaaaaaaaaaaaaa 


etBAS 


TIP  SPEED  -  915  FPS 


lBIIIIIIIIIBIllll|MI||lMI*llll|llllllll|l|IIBI*lllllll*lH*ll**»a'IIIMia*imillllBII*llllB|IIIIIB||I.M«Ml 

■  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  a aaaa aaaaa a a aaa aaaaa a aaaa aaaa a aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa aaaa aaaaaaaaaaaaaaai 

lllllll . I . . . . . HI . . . . 

■aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa a aaaa a aaaa a aaaa a aaaa a aaaa aaaa a aaa a aaBaaBiaa a a aaa aaaaa a taa a laaBtaaaaa iiaaaaaiai 

- ■■■  111^  -  .. — ■  -  ....  ....  -  ........  -----  .....  . 

■aaSSaSaaSaaa  aaaaaaaaaa  aaaaaaaaaa  aaa  aaaSaaa  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaftaSa aalai 
iaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa a a aaaaa aaa aaaaaaaaaa aaaaaaa atfaaiaaaaaai 

Ba  aaa  ^  aaaaa  a  (Ijaa  a  aaaa  a  aaaaa  aaa  aaaa  aaa  aaa  a  a  aaaa|aa  aaa  aa|aa  aaaaa  aaaaa  aaaaaaa  a  aa  aaaaaa  aaaa  aaaa  a  a  aai 

*SS|3l 

•  ••Ini 


aaaaaaaaaaaa  aaaaaaaaaa aaaaa aaaaa! 
^aaaaaaaaaaaiaaaaaaaaaaaaaaaaaaaa 


•9  aaaaaaaaaa! . 


•aa aaaaaaaaaa aaaaaaaaaaaaaaaaaa-B 


la.aaaaaiaiaaaiiMiJ 

- aaaaaaaaaaaaaaaa 


■  aaaaaaaaai. - 

“  aaaaa aaaaa aaaa.. 

aaaaaaaa#  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaa - ..  -  - -  --  .... 

_  .  .  _ . - ...Bala  aa  aai BaaBBBBiaa aaa a aaaaaa aaaaaaaaaa aaaaa aaaaa r - .........  —  ........I 

■  aaaaaaaa  aa  aaaaa  aaaa  aaaaa  aaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa i 

■  aaaaa aaa aaa a aaa a aaa a aaaa a aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa a ar--' 

■  aaa aaaaa aaaaaa a aiaaa a aaaa aaaaa aaa aaBaaaaaaaaaaaaaaaaaaaaal 

^aaaaalaaja aaaaaa aaaa a aaaa aaaaa aaaaaaaaaaaaaa aaaaaa aaaaaaaaaaaaaaaaaaaaaa aaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaiaaa aaaaaaaaa aaaaaaaaaaaaaaaaai 

^*--aa*‘ a aaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaai 
aaaaaaaaaaaaaaaaaaaaaaaa  iaaaBiaiMBaBaaBBaaaaaaaaaaaaBaaiBaaa4afif  — 

iiiiiiiiHii  si 

ajaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaaaa jaaaaaaaaaaaaaaaai 


aaaaaaaaaa aaaaaaaaaa a ■ 

Biaaaaaaaa aaaaaaaaaa at 
aaaaaaaaaaaaaaaaaaaaai 

■  aaaaaaaaaa laaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaiBaaiiaaaaaBiiaaaaaaaaaiBBBaaiiiaBiiBaaaaaaaBiiBBiaiiBaaiaaaiaaaaiii 
■aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaa aaaa aaaaaaaaaa a*--*-----  ... aaaaaaaa  .a 


_ _ *■ aaaaaaaa  aaaaaaaaaaaaaaaaaaaa aaaaa a  a aaa aaaa a aiaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa 

. . . . . . . . . . • 

a aa a aa aa a aaa a a iaas aiaa a a aaaa aaaa a aaaa a aaaaa aaaaa aaaaa a aaaa aaaaa aa aaa s aakaiaa a a aaaaa a a aaa aaa a a aaaaa aaaa a aaa a a iaaaa a aaaa aaaaa • 

KaaaaiiaaiaaaaaaMiaaaaaaiiaaaaaaaaaalaaaiaiaaaaaaaaiaaaaaaaaiiaaaaaaiaa  aaaaaaaaaaiaaiaaaaaaaaalliaaaaiaaaaaanaB 
aaaaaaiaaaaaaaaaaaaaa  aaaaaaaaaaaaaaa  a  - - -  - ...... - 


•aaaaa aaaaaaaa!* 


Jaaaaaiaia  aaaaaaaaaa  aaaaa  aaii^ 

. . . 


■  aaaaaaaaaa  aaaaai 

■  aaaaaaaaaaiaaa-1 


iSJaap 

JjJjjj 


ia  aaaaaaaaaa  aa 
ia  aaaaaaaaaaa 


■  iBaliliiaiiaili 

laaaaaaaaaaaailiaaiaaaaaaaaaaaaaaaaaiBaataaM1 
Baiaaaaaaaaaaaaaaa^a  aaaiiiiiar— 


•aaaaaaaa aaaaaaaaaa aaaaaaaaaa la 

•a aaaaaaaaaa aaaaaaaaaaaaaaa aaaBaaaaaaaiaaaaaaaiiiaaaaaaiaaaaaiiaaaiaiiaiiaaaaaaaaaaaaaaaaiaaH 


aaaaaaaaaBiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaai 

.  . . . . . 

aa aaaaa aaaS a aaaaa aaaaa a  a  a aaaaaaa a  a aa a  a aaaa ■ aa aa aaaaa  aa aaaaaaaa aaaaaaaaaa aaa a a aaaa aaaaaaaaai 
<8 aaaaaa a aaaaa aaaaa aaaaa a a aaaaaaaa aaaaaaa aaaaaa a a aaa a a aBaaaaaaaB  aaaaaaaaaa aaaaaaaaa## a aaaaaai 
iiaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  aaaa# aaaaa a aaa a aaaa a a aaaa aaaaa  a a aaa a aaaa a a aaa aaaaa a aft-----' 

■  Bliaiia!!BBIIIB!l!aaall|B!BBIl!l|M!BiaailBB|lltlftltllliaiiaill*IIIBBBIBIIB||!BIIIII 

laiBBaiaiMBi  . . . . . . . . . 

.....---*aaa  aaaaaaaa  aaaaa  aaaa  aaa  aaaaaaaaaeaaaaaaaaaBBaaaaiilHHyiiiBBaBBBBaaaaaaaaaaBaBiaaiMi 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa aaaaaaaaaaaaaaa  aaa aaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aai 

. . . . . . . . . . . . . . . ..........I 


il  . . . 


a a aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaiaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaaH 


aaaaaaa  aaaiaaaaaaB 
■  aaaaaaaaaaaaaaaaS 


■  •aaaa  a  iaii  ii  ili  aiaEa  aaaaaaaaa  aaaaai  aaaaa  aaa  iiii  aaa  aaaiiiaaaiiaaiii  7a  aa  aaaaa  ••  aia  aaa  ■  •  iiiilBiaaa  ■  iaiaaiaia - ..... -  - -  _ 

— - ■ - a  aaaaa  a  aaa  a  a  aaaaaaaa  a  aaa  aaa  aaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaa8aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaag 


liiiaaiaiaa  aaali 


•aaaaaaaaaaaaaaaaaaaaiB  «  aaaaa laaaaeaBaa 


■  b  ■  a  ■  a  b  a  a  a  a  ■  a  a  •  a  a  a  aA  a  a  a  a  B  •  a  a  a  a  ■ 

■  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa - - - 

■  aaaa*aaaaaaaaiaaai8a8aa**auiaaaaaa*aaaaBaaaiaflaBaaaaaaaiaaaaaiaMaaaau 


aaaaaaaaaaaaaaaa* 


IS  ■  b  a  II  ill 


■  aaaaaaaaaaaaaaaaaa 


iiaaaaaaaaa  aa  aaaaaa  aaaaaaaa  aaaa  a  aaaga  aaaaa  ■ 


BHP  (Po/P) 


FIGURE  73 


Hamilton  U 

DIVISION  OF  UNITED  AIRCKAF 

Standard  p® 


COfl^OPATON 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  1-18  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  V10 


BtiElAtE) 

D2 


FIGURE  74 


Hamilton 

Standard 


OVISON  Of  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  H8  FT.  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  V"5 


TNET  BASIC 


I  a  SXmbbbm 

wmil  IMMMWWMI W— gMHaMBaai 

laaaaaaaaataiiaiaaaa ■■■iaaaaaiia»a>V<>aaailaai] 
laaaaaaiaaaaaaaaaaai  ■aaamaaaia«aaa»ui|^M 


!!!*!!!!!!!>! BaaaaBSmaCaaaaaasaaa aaaaa aaaaa aa! 

■aaBaaBaBaaaaaaaaaaaaBMBaaaaaaaBaaaaaaBaasaBBi 


iaaaaaaaaaaaaaaaaaai 


BaaBaa aaaaaaaaaa bbi 


ibb aaaaa aaaaa aaaaa aaaaa aaaaBBaBBBaai 
iaaiaBaBaa*aaaaaaBaaaaaa«Bl|aaaaaaa| 
aaa  aaa  a  at  aaaaaaaaaaaaaaaa| 

laaiaaaai 


aaaaaHB  a  aa  ••  aaflta  aaaaa  aaa  aa  aaaa 

aa a aaii a  a a aa a aafe afi aaaaa aaaaa aaa  i 

a aaaa aaa  aaaaa aaaaa aaaaa aaaa J aaa i 


[aaaaa aaaaaaaaaaaaaaaaaai 


(■8888889888  aaaaaaBBBaaaaaBBsaB'  . . . . . . . 

liUBMiaaaiiaiaiaaaauiaailB  .aaaaaaaaaa*  aaaaa  a  a  aaa  aaaaa  aaaaa  ■•Baaaaaaiaaaaaaai  aa  aaaaaaaiaaaaaaaBaaai  . . . 

■  aaaaa aaaaaaaaaaaaaaaaVaBaaa .aaBaaflaaaBaa aaaaaB  r i:aa/  i  »■  'aaaaaaaaBiaiiBaaaaaBBaiaaaaaaaaaaaaaaaiaBiaaaaaaaaaaaaaaaaaaaai 

■  aaaaalBB0iJo»8oo8s)BaaBS*aaiVBBa|Baaaa*aBS-»- .  »«»»  i  ' .»»»»**B»B«»****ao***Bi»B*B»#*Ba»**B*|i*aaa»»BBBi*B»** aaaa aaaa afl 
■aaaaaaaaaaaaaaaaaaaaaaaaaiaaaaSaaBv-. _.a aaaaaaafeaa aaaaa aaaaa aaaaaaaaaiiaiaaaaaaaaaaaaawaaaaaaaSaBaaaaaaaiaaaaaaaaaBaaaaM 


IPMIMMIHiiaaii  aaaaa  afi>'  . aa  aaaa  a  aaa  a  a  aaaaaaaaat  aaa  aaa  aaaa  aaaaa  aaaaa  aaaaa  aaaaaa  aaaa  aaaaa  aaal 

■  tiaaaaaaaa  aaaaa  aaaaa  ■aaa»~T-a«aaBaBBaaaaaaaai  aaaaa  BBBBaaBaaaaaaaaaaaaiBalyaaaBlaiaaaBkaaBaaaaaa  Bait  a  aaaNmWWHVWVMI 
laiBaaBBaaa aaaaaaaaaa .«ai  . . . 

■  a  aaaa  aaaaa  avaaaaaaaa  .«aBaiaa*>a»aaa«aaaiiB|iaina  aaaaa  aaaaa  aBBaaaaaaa  aaa  aaaa  MB  aaaaa  aaaaa  BaaaaaaaaaBBaaaaAaaiaSlaaaaMH 
rn  aaaaaaaaaaaaBaaaaaaaaaaalaaaaaaaaaaaaaiaa  . . . 

laaiaXaBH 


iaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaai 


. . . aaaaa aaaaa aaaaaaaaaa  laaiaiiaiaaaaaai 


aaaaaaaaaa aaaaaaaaaaaaaai 

•SSaaaSaaa  *Sa*a aaaiS  aaBai 


*WBWHPBWPPH**PPPPP>PPPPHPPPH  a  aaRWPPPP 

l^aaaaaaaaaaaaaaaaaaaaaaaaaaa a a aG aaa a aai 

HSaa  aaaaaaaa! 


■ aaaaaaaaaa aaaaaaaaaa aaaaaai 


aaa  aaXa aaaaa* aaaaaaai 

a< aaaaa aaaaa aal 


'net  basic 


tnet  basic  ’ 


—  MOT*  aaa  aa  a  a  MOT 

1  aaa aaaaaaaaaa aataa  aaaaa aaaaa aaaaa  ai 
ianaaaaaaaaaaaaaaaaaaaaiaaa*aaaaali 
»aa* aaaaaaaaaa aaaaa taaaa »*»■* aaaaaai 


S Ha  •  aaaaa  a  aaaa  aaaaaaaaaa  aaaaa  aaaiinPVaiaaai  aaaaa  aaaa  i| 


20  30  40 

jsm&tR) 

D2 


FIGURE  75 


*i*,  ■*  fJ  T3--1  V 


'  *  i  '<Htr  «•  f^***i«—  •*?*  -watjy**-.  -  -»  -vj  *•»...  * 


Hamilton 

Standard 


DIVISION  OP  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I -8  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3R 

TIP  SPEED -654  FPS 


•■■•••••■a •••••••••• •••••••••••••••••••••••••••*•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .aa.aaaa.aH 

••*••• •••••••••••••••••*••*•••••••••••••••••*••••• •••••••••. •••••••••• aaa •••••• aaaaa. ••••••••..•••••••••.•••••••••• .a •••••••• aaaaaBaB.BH 

aaaaiaaaaaaaaaaaaaaaaaiaaaaaaiaaaaaaaBtiaaaaaaaaaaiaBatBnBaaaBiuiaiBaaBiBBAaaaBiaaaaaaaaiaaajaaaaiBaaiaaaaiaBBaiaaaaaaaaaaaaiaaBBaaaaaaaal 

Ml— > am in— —tit— ft— UtatmtOM — — — —  a  a  a  MaapBBBBBBBBBaBBaBagMMMMMMMM^J^^^^MB 


B>av..Bi<iBB.iBi.t,BB,lBog^BBiaaa«DiaiB>B>iiaBtiaB«BBBnBaaaiaaaB  ■bibbibb 


■  BIBBBBIBBBBBBBBBaB.  i  ...|  i  .»»!  . .  . . *|M^H  .  . . 

. . . 

aBBBBBBflaaBBBBlIB*--  . . . . . . 

- —  mm  imuiBiUt..  "■■■iaaa|BiiBBiBBiiiBaBBBBiaiBBaaiBBaaiiiBiiiiiiiiiB  bbibbbb  i  a  a  a  aa  i 

_ HH Mk**|ll»>MM«ak|lk,  j||||  ” 

ITTTTTTTTTTTTTTTTTSiBi 


SHa  iBfaaaaBaa  •  ■  as  aa  aaaaH 
HaaBBBBaaaflaaflBBBBaaBaH 


-  . .<BC»a>BBB*BI9«t(BeeBaBBaBB9eiBBI 


«?!•!!!*•*• 


I-b.b .as. a.  . .  .  .  . . . . . . _  .  . .  . _ _ .  „ . . , , ,  _ 

■  ■■aaaaiiBiaaaBBBBaB  a'  .asaa  Baa  aaaaa  Baaaa  Bsaaa  BBBaa  •  ••••••••dBa^^a.  aaa  a  a  a  aaaaaaa  a  a  a  a  a  a  a  a  a  a  a  a  s  a  a  s  a  a  a  a  a  a  aaa  a  a  aa  a  a  a  a  a  a  a  a  a  a  a  aa  a  a  a  a  a  a  a  a  a  a  aa  a  a  aaa  bI 

laaaaasaiiBssaiBS#  a a .aaa a a aaa a bbbbb aaaaa aaaaa aaaaa aaaaa aaaaa asassaaaas  aaaaa aaaaa  aaaaa  BBaaa  aaaaaaBaaB  aaaaa  aaaaaa  bibb  aaaaa  asssaassaa  a ass a  a aaaaH 
laaiaiiamaaMa  . . . . . . 

HHf  aaaaa  aaaaa  a  a  aaa  a  a  aaa  aaa  a  a  aaaaa  aaaaa  aSaaa  aaa  la  aaaaaaaBBa  aaaaa  aaaaa  aaaaa  aaaaa  aaa  MMaaa  ••••••••••  aaaaa  aaaaa  aaaaaaa*aa  aaaaa  aaaHl 

I aaaaa aaaaaaa aaaaalaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaaaa aaaaa aaaaaaaaaaaaaaa aaa aaaaaa a aaaaaaaaa a aaaaaaaaaaaaaaaaaaaa aaaaa aaal 

laaaaBaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaBaaaBaaaaaaaaaaaaaaaaaBaaaBaaaaaal 

HHIaa  aaaaaaaaa#  aaaaaaaaaaaaaaa  aaaaaaaaaaaaaaa  aaaaa  aaaaa  BBaaa  aaaaa  aaaaaaaaaaaaaaa  a  aaaaH 
kHHBaaaaaaaaaaaB  aaaaa  aaaaa  a  as  aaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  a  aaaaaaaaa  aaaaa  a  aaaaH 
laa  aaaaaaaaaa  aaaaaaaaa  a  aaHaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  ■  aaaaaaaaa  aaaaa  a  aaaaH 
las  aaa  aaaaaaa  aaaaaaaaaa  ■  aaVa  aaa  a  a  a  a  a  a  a  aaa  a  a  aaa  a  a  a  a  a  a  a  aa#  a  a  aaaaa  aaaaa  asaaaH 

aaaaa  aaa  aaaaaaa  aaaaa  aaaaa  aaaaa  aaa  aaaaaaa  aaaaaaaaaa  taaaa  aaaaa  aaaaaaaaia  aaaaaaaaaa  BBaaa  aaaaa  aaaaaaaaaa  BBBaaasaaa  aaaaa  aaaaa  aaaaaaaaaHHB 
a aa aa aaaaa aaaaa aaaaa aa aaa aaa a  a  a a^ a  a  a  a aa a  a  a  a  a  a  a  a  a  a  a  as  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a aaa as  a. a aaaaaaaaa . as aaaaaaa aaaaaa. aaaaaa 

■  aaaaaaaaa ■ a a a a a a  a a 2a a aa aaa aaaaa aaaaa aaa laaaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaSaa 

■  lailliaaliiBaaiaaa'aaaBaaaaaaaaaaaaMaaaaaaaaaaBi'BMaBBalaaaBaaaaaaaaaaaaaiaai  aaaaa  a  a  aaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaa  a  a  MHiHH 


aaa aaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaai 


TIP  SPEED  -  785  FPS 


aa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaa 


II  . a  I  .  .  i  •  .  •  i  y 


aa  aaaaaaaaaa  aaaaaaaaaaH 


^H  aaa  aaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  a.  -aaaaa  aaaaaaaaaaaaaa  aaaaaaaaaa  aaaaai 
[  aaaaaa  aaiaBMsaaaaaiaa  tlMitt "  "  "o'"'* 

B  ^  Jaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  ■■yBB 


I  laa*  aaaa  aa  at  I!  aaaaaaaaaa  IS  aaaaaaaaaa  *aaaa*a! 

Um^jHHiiiHHHHHHtHIHHHHMHHHHHHHHHil  •************■■*»»* « a*** » 


Jt  Bi  Oil  9D  9  B  I  Baa  D  ■  I  BIB  I  ■  >Bt  I  .  S  s  s  .  lint 

I  a  aaaaaaa  sb  a  aaaa  a  aaaa  HHH 
■  a  aaaaaaaii aaaaa  aaaaai 


•a BBaaa aaaaa aaafaa aaaa aaaaa aaaa a aaaaaaaaaa aaaaaaaaaa aflai 
-a aaaaa .asaa ••••*••••• aaaaaaaaaa  aaaaaaaaa.taaaaaaaaaaaai 
a-  -- aaaaaaa aaaaaaaaaa aaaaa aaaaaaaaaaalaaa aaaaaaaaaa aaai 
aa aaa BBaaBaaaaa aaaaaaaaa aaa *a*aa a#** ***■***■“**■*■ 
iaiai*i**a***'=aaaaaaaaaaaaaB*aaaaaaaaaaaaBaaaasaaaaB aaaaaaa*^ 

bbbbbIb  bbBbbbb!b  ■aBaaflBBaaBBBBJ.  '■BBBBIBBBaBIBBBaaBBBIBaBBBfla1 

'tt2aaaaaaS§CSaaaaaaaaaaa**aaaaaaaaaaCB 
- >ja**aaaaaaaaaaaaaaaaaaa^  *-*-*■ — 


kBi„iBta.BMOTIM 
WiBtiiiKiiBBaa  asaaaaaaaafl 

aaaaa  aaaaa  aflBaaaBaaaH 

aaaBaaaaaaaaaaaaaaaaaaaaa ••••••<•■•••■••••■••■■•■••  ■ aaaaaaaaaaaaaaaaaaaaasH 

■  aa  aaaaaaeaaaa  aaaaaaaa  aa  aaaaaaaaaa  aaaaaaaaas  aa  aaaaa  aaaaiaaaaaaaaaaH 


aaaa aaaa aaaaaa aaaaaaaaaa a aa.  'aa 
■aaaa aaaaaaa aaa aaaaaaa 
•■Baa . aaaaaaaaa 

taaaa aa aaa BaaaaaaaBaaa 


aaaaa  aaaaa  aaaaaaaaaa  saaaaasaaaH 


. . . 


aaaaaaaaaaaaaH 


as; 


ililSi 


H aaaaaaaaaaaaaaaaaaaa aeaaaaaaaaaaaa 


. . . I . Ml. 


TIP  SPEED  ■  915  FPS 


•  •  •  »  ■ 


"Him  Baaaaaaaaa  Baaasaiiai  b  a  a  a  a  a  a  i 


. 

•  a  aaaiB  aaaaa  aaaaa  a  aaa  a  as  a  aHai 

iiiii: 

. lilppi 


[aaiaaiaa;  jfj.jljj 


*'»•••• •■•••■••!!••••• ••.••••■ 

'•••••■•••aaaaaaaaa  aaaaa  at  |  a> 

a.s&.a.i  iimiim  iimiioi' 

.aaaaaalBBBBBBaaaanaaaia«Ba< 

-  i:i i::i: ..a* 

!!!!!•¥¥!!  !•••*•••••  ••■••••••••••■•  aaaii - 

.  . . .  . 

BaBaaaaBaaaaaaaaaa25aaaafl*aa*a*aaaa°*"ata*°aa‘  •£•••••• 

!•••••••• ••••••••■3a ■•••••••••••••••••••••••••••  aaaaai 

••••a ••■••• a •••••*•• •aaaaaaaaaaaaaaaaaaaa«Baaaa  aaaaai _ 

'■■•••••••••••••a •••• aaaaaaaaaa Baaaaaaaaa aaaaa aaaaa aaaaa a 

oilBisaiBiiBiiii^BitBiaaaia 

•  •••a  aaaaa ..... aaaaB Baaaaaaaaaaaaaaaaaaa  aaaaa aaa aaaaaaa a 

'•••••••••••••■ag«aaaaaaaaa.aaaaaa|aaaa)a«aBaaagaaaaaaaaa 


■ taaaa aaaaa taaaa aaaaa a aaaa sas aa taaaa aaaaaa 
laaaaaaaaaaBaaaaBaaaaaaaaaaaaaaBaaafliBaaaa 
■  iiiiiiiaiii.isi:::::::::::::::::::::::::::;:;::::::::::: 

I  ••••aaaaaaaaataaaaaB aaaaaaaaaa taaaaBaaaaaaaBaaaaaa aBaata  a 

aaaaaaaaaa  aaaaaaaaaa  aaaa  a  aaaaa  aaa  aaaaa  aaaa  a  aaa  aaaa  a  Mlnui 
ataaaaaaaa ia«aaaa«aaaaaaaaaaaaaaaaaBaaaaaaaBBaaast aiaaat 

--aaa  aaaaa  aaaaa  aaaaa  aaaaaaaaa  a  BiBaa.aa“ 

a. ......  a. ..as aaaa .B. aaaaaa a  ana  at. 


Itaaaaaaaaaiiaaaaaaaaa  iaaa  •  aaa  a  a  aaaaa^^^H 
li.aaaa  aaaaa  asaa  a  a. a  a  a.  aa  a. a.  a  a.  aaa.  a  aaaaai 

M*a  ••••*.•••••••  aaaBa...aB.afla.as.  aiiaia.pMMMMmilPV 

.  . . . . . . mm 

1 1 1  - 1  iB  1 1 1 1 1 1  a  i  iB  1 1  n  . . . . . I . . 

■  "  ■ '  ■  ■  " "  ■  ■  1 '  ■ ' '  -  "  ■  •  ■ " ' "  '  -  ■  -  ■  - '  -  - J  mm aaaaaaaaaal 


aaaaaaaaaaaaaaa 
'•Oaaaaaaaaas  a  a 

I  jaaaagaaagjaa 


Bs.BSSB.sa.ss 

iataaaiaaaaa 

-  - - a.. 

aaaaaaaaaa. aira.s 

C~  ••••••?•  aaaaaa  aaa  22  aaaaa  •••••••••••••••  a 

. .  . . . 

a  a aaa BBS. ... B BBS aa as. BBSS. a aaa. .a. a.aaata aaaa. aa aaa a.aaa a aaa. aaaaa. 

B aaaa aa.aaaaaaaaaaaaaaaaaaataaaaaaB aaaaaaaaaa aaaaaaaaaaaaaaaa 
aaaaaaaaa aaaa a a aaaa aaaaaaaaaaaaaaa aaa aaaaaaa  •••••*.••••••••• 

,->•■#  .aaaaaaaaa  aaaaa  aaaaa  aaaa aaaaaaaaaaa.aa aaa  aaa. a  iaaiaaa*aa 
aaa. aaa. a aaaaa aaaa. aaaaa aSCaaaaa*. aaaaa aaa.a .aa;.  as. aaaaaa 


II.B|I..I| iss. ........ ...SB 


...aaaaaaa. 

. _ .......... —  . — aaaaaaaaaa* 

■••aaaaaaaaa..'  ..aaaa aaaaaaa*  ..aaaaaaaaaaaaaaa 

Ka.a  'aaa.aaass  . .  *aaaaaaa.«aaaaa.aaaa 

•••■a aaa a. aaaa .as.  -aaaa aaaaaaa*- '  . .aaaaaaa aaaaaaaaaa aiaBaa 
a aaaaaaaaaaaaaaaaaaaa aaaaaaaaaS aaa aaaaaaa aa aaaaaaa a  23 aaaaaaaaaaaaaa 

*■■■*■  ••••••.. ..•.••!  •••  ...IS.  I  IS...  .....  .....I 

I.S.  ‘  •••.•••  Ba  ■  1.  ••••...  I  l.SS......  ..BBSS 

•  aaaaaaaaaaaaaaa  aaaaa  aaaaa aaaa a  aaaaaaaaaa  aaaa aaaaaa a a aaa.a aaa aaaaaa 

••■•.••.■.•.•.•.B..a...B.B.aa..s.a..B.j.sr-- 

••••!*• aaaa •••aaaaaa3a3..a2a2aa •!•••••*•• •••••••aaaSSaaaaaaa*'**' 

. . aaaaaa*aaa aaaaaaaaaaaaaaaaaaaa i.^l 

- >ia.Ba..isa..siie<  1 2  *  s  l  ••*  Si  !U  3  J  S 

Itaaaaaaaaaaaaraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaata 
^^a« a a aaaa aaaa aaaa aaaa a aaaaaaa aaaaa aaaaa aaaaa aaaaa  aaaaaa 
•  aaaaaaiaaaalaaaaaSaaf a  aaaCaBBaaailaaaaaaaaaaaaaaaaaaaaaaaaaaaaar' 

••.•••••aaaaaaaaaaaaaaa  a.a.aaa.a.as." - - — - - ... — . ^ . 

sea  aim. e.ao. a miiuiaoi  sea 


BHP(ro/P) 


FIGURE  77 


Hamilton 

Standard 


U 

DIVISION  Of  UNITED  AIRCRAFT  CORPORATION 

fl® 


HSER 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  Bl  -  3R  I/2M 


T 

TBASIC 


FIGURE  78 


Hamilton 

Standard 


U 

DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 

P® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I -8  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B I -3R  I/2M 

P  SPEED  -  654  FPS 


BHP(Pp/P) 

D2 


FIGURE  79 


Hamilton 

Standard 


U 

OIVISION  OF  UNITED  AIRCRAFT  CORPORATION 

fl® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3RM 


T 

tbasic 


TIP  SPEED  *  785  FPS 


o 


FIGURE  80 


HSER  4348 


Hamilton 

Standard 


DIVISION  OP  UNITCO  AI«C«AFT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I  -  18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3NT 


TIP  SPEED  *  785  FPS 


TIP  SPEED  «  915  FPS 


. . 

- ~~g~  -*T — ■  aaaaaaaaaa  aaaaaaaaaa  ii - yiiamnUmf  aa»  aa aaaaaaaaaa  ■ 


. . . . 

■  taaajaaaaaaaaaaaaaaaaaaaaaaaaata MaaafaailaaiifaaaaaOaaaaaaaaaaaaaaaaaaa'-  . . . I 

I  . . aaa]aaaaaaaai»taaiailauaaatit*aaiaaaaaaaaa  uaaaxaaaa-  aaiaaaiaiaaauaaMaaa aataaa aaaataaaai an . . 

Lliiilii^^iaaaaiaiAaiaMiMnMHliMHMUailaaaaaaaliiaaSaaaM-aaa.avVr  . . a . aaaal 

. s y »S» >.«« *.«««* gi - . . *  ' 


Ei***17^ »»•«■•*»«•#  jlatalataaaal 

MMPilNIla'  _«>!»> aa&Mi tia atmr  ,ata»«*ae maaa 


«4 

HHaa#  aim 

SBaaamiiM  .aaaaaaai 
■•inaaaaa'  Mtrnaai 


laaaaaa 

iMAaaBmmmi 

•aaaaaaaaaaiSaaiiaaaaa* aaai 

IK  •  •<*  •  ■  •  •  ■  ■  •  •  •  ••  MAAAgaaaa 


TIP  SPEED  «  980  FPS 


jhaaaaanaaiaaaaama 
ilaiaaaaaaaaaaaaafaa  aaaifiaa 
adaaaafiaaakpaaaia*  aaaalaaaa 

<^M«Ui^MII  '{'till 


I  aaSnlaaSaaaaCUSaaa  aaaaaSi 

I  aaaiiabaiaaUikaaaiaaaiaai 
I  aaailanaaamaaMaa  aaaaa  ai 
I  laaaaaaakaaMiaaaaaaaiaaaai 


aaaiaaalaaaaaMaaai 
aaaaaaaakaaaaaaaaaj 
|aaaaaiiKn|||||| 


■  laaaa aaaaa aaaaa aaaSaafc aaaal 

laaaaaaaaa  aaKaaaaaa  aaaaaaaMI 
Ss^Haa apa ■  i aaaaa alaaaaaa  aaaaaaaa 

•  H^■laaa•la■  jiaauaaaa  alaauaa 
^■aaaaaaaa  aaaaakaaaa  aaaaaaia 

■Yaaaaaaaa . adaaaaaaaaaaiuf 

laaanaaaaiilaaiaaaaaaaia 
a  aaaaiaaaaaaaaa a aaaaaaaa 
■ aaaaa aeaaaaaiiaiaiaaiii 
^Haalaaaaaaaaaal*  aaaaaUi 
■  . . . 

■  aaaaa aaaaa aaaaa caftal 
■  aaaaa  aaaaa  aaaaaaafMl 
I aaaaaaaaaaaaaaiaaiial 

I  aaaaaaMaaaaaaaBaahi^HH 
laaaAaaaaaaaiaaaaaaaaalaaa 

I  « a aaaaaaaa aaaaa iaaaa  «aal 


SHMffffi 1  •  faaaaai a aauMaiMN  aaaaaaaa 

_UBBaaai  aaaaaaaa  aaaaaaaa  aaaaaaaa  a  a  ■« 


II aa  aaaaa  aaaaa^BB--,,, 

nmmmii>aiaM«tMaHNM| 


HfnKttSnuss3»!es:sntKRiticsfstts^:s»»!:^.ssstie»isiiSK:s::sn:::| 

■III . .  I  'i . iiiilliiliilllllMI 


aaaaaaaaa aaaaaaaa a a  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  a^aaa 

ililni^n-SSiSsSSSSSaUSSSSSs&lsisIllaSalaSSaaSaUaSaaSaSil 


. . . . . 

la  a  MM  aaaal  aaaaa  aaaaa  >■  ail  aaaaaaaaaa  ta*aaaaaaa iaaaa aaaaa  I 


BHP  (&!/>) 


FIGURE  82 


HSER  4348 


•-  v.~  -  ~  -nsr*»»sis«*r*'¥^>-TWiF5^^  -  ?P**g#&*nit&v1?&  **<^f*S 


Hamilton 

Standard 


U 

DIVISION  O^  UNITED  AIRCRAFT  CORPORATION 


fl® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-4NT 


T 

tbasic 


T 

tbasic 


) 


FIGURE  84 


Hamilton 

Standard 


U 

AlQCftA 

ft® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B2-3WT 


TBAS!C 


FIGURE  86 


-  «xi-v-r.<--<\J  tf*i*  . 


Hamilton 

Standard 


U 

O  VISION  OF  UNIT60  AIRCRAFT  CORPORATION 

fl® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B3-3WT 


i 


FIGURE  89 


FIGURE  90 


Hamilton 

Standard 


DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 


HSER  4348 


W  '  *^V4itV^S^t»  .jp^gntnsrtt’.'**** ,  -*r-<«i  tvn  *'>«e*SS!C«S'?3B*>4>’ 


1  ■>!>  •* 


HSER  4348 


Hamilton  U 

DIVISION  OF  UNITEO  AIRCRAFT  CORPORA T  ON 

Standard  A®  hser  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I-8FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B5-3WT 


T 

tbasic 


BHF(/>q//>) 

D2 


( 


FIGURE  93 


**■  —  '  •  -*W  -*yr 


HSER  4348 


Hamilton 

Standard 


U 

O'VISIOM  O*  UNITEO  A1RC»APT  CORPORATtON 

fi® 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B7-3NT 


FIGURE  96 


Hamilton 

Standard 


OlVISON  OP  UN1TCO  AIRCRAPT  CORPORATION 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I -8  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  B7-3NT 
TIP  SPEED  -  654  FPS 


gvl . . . . 


TIP  SPEED  «  785  KPS 


. 

I  . . . . . . .  aaaaaa 

|  tHHIIIHIIIMHIHimlHHIMaHHatia aaaaaaeaa  aaaaaaaaaa aaaaaaaaaa  JMJJJJJJS 
I  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaaBaeaaBaaaa aaaaaa»aaa BBBBBaaaBB aaaaaaaaaa 

1  aaaaaaaaaaaaaaaaaaaaaa  fVM  —  "  —  -I  -  -  -  . .  -■  -  ■  -  -  - 


BaaaaaaBBaaaaBaaBBaaaal 
I  a aaaaaaaaaa BBBBBBBBaB 


;£:::****||||||y|||g^:::;£ii;.s..SS5sssssziziistSs 

_ _ _ _ _ _ _ 

•  . . . 

'*3*  •*••••*••<•■>•  *!!*•  gS2«SSSSSi  !•!!!•!••!•••••»•••••••••  ••••1SSSSSSSI 

!  S ■ •••■ 5 ■■SSSSSSSSSSE* •••••■■••••••••••••••■••• f*yf  •■■■••■? ?*■*••••  ••• 


iSM<sat<tiaaisi)«aae 


I  •.:>  :  '  ;::L;  il  .  V  I::'!::!.::1;  :  !!:  i.  .  -V  :  :  ■:  -v-'-  ~  :  ::: 


Baal  a. . . . aaaaaaaakaaaaiaaaaaaaaaaaaaaa 

•miiaaiiaiMMiHaiiii;:::  ::::::::::  :s55S3 


BASIC 


TIP  SPEED  »  915 FPS 


TXZZ?. . . . : 

IIIIMI . . . Ill . .  | 


MMMaa  aaaaa  I Baaa  aaaaaaaaaa  aaaat  aaaaa-aaaaa  laa aaaaaa (aa  i 

. . . . . . .  ■ 

’#  aaaaaa  !■■•••*•«  | 

<••••* iTTTtT: ■  •  •  ■  i •  ■  < ■  •  m  IMMlif || HHil  iMi  yj  I  HI 


(EaBKffHKjffEjlHij: 

a  laaaaaiaaiaMaaaaiiaaaa 

a  . a . . 


iJBBtaBBBBBBBa 

••••iiaaif  jiaiiiai  iiMitiiiiaiSSi  ■•!!**  aiaaiiaaaiaiia  iiiiiii 

I* . in..ielmi.aaa«mx-..«aaa.l.a.a-  at  taaiaol 

_  -  atitaaaaaMaiaMalataaataaalaaaa*  aaaaaaaaaa*  -aaaaaa<aaaaaai 

»r _ _  '*a*taaaaa|aaaaBa  ■  ..aaiaaaaaaaaaaaaiiaaaiiaiia 

>aaaaaaaaaiaaaaiaal.  .  ..aBBBBBBMBiBaaaaaaaBBBBBBBBBaaB'  a;  aa;;;;*;;;; 

•  •a  V  ■aalBIMaaaaiaiaiaaaaiiiaaaaaaaaalaaa|aaaaeaaaDaa«»'  .aiait-t  uaaiaaaaaa 
geaitiaaaaaaaataiaaaaaaaa . .  aaiaiaaltatataeaf-  .asaaaaaaa  .laaiillijia 

aaaaa aaaaaiaaai|§,.. .aa . . .  3.... j,jaa»jaaaaa*aajaaaai 

S|lllai{aataSallaaaa!aa!!!t'S!ISa!l !  !  2  a  1 1  a  I  a  JB  a  a  a*  a  !  !  !  a  Z  aa  a  I  a  Z  T 

taaaZfZaUaaSaaaSSaaSSa 

BaaCaaaaataaSaaaiaiaia! 


aaaZa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  . . . . . 

laaaaMBaaaaaBaaBataaiiaeMaiaeaaaaiflaaaaaeaataiaaaaaaseataaaaBaaaaaaaaaaaaaa 


liaiaaeaaaaBaaaBBttaaaataBaBI 


aaiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
aaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa;; 

•MMMHHBHWHHHHHHiaaaa  a  aaaaaaaaaa  aaaaataaaaaaaa  aa  ala  aaaaaalaaaaa 


iO  20  30  40  50  60  70 

QHP(Po/P) 

D2 


FIGURE  97 


Hamilton 

Standard 


OIVISIOM  Of-  ONlTtO  Alf»C»A*T  CO«PO«*TlOM 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 

PHASE  I  - 18  FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  Bl  -3WT  1 0 


'BASIC 

T 


TIP  SPEED  *  915  FPS 


bbbbbbbbbb  bSb  ■■■■■•■■■■■■■■■■  ■■■■ 

•MiiiiHiiZuMHitniuiaiiiiii 


i*aaBBBa*aa***aaa*BBB*aBBBi 


.  . . . 


•BIBB! •■■■■■■■ IBB ■■•■■■■  am| 


*•  acaMVHHIVVim 

■■■a  ■■■■niiRmHi  bbbBbbbbbb 

. . . . . 

•■■■■■■■■■■■■■■■•■■•■I j 


BASIC 

T 


iilii  uaSSaH 


!ka  aiBaifraa^ 

■■■■■■■iiaiiaiiiiiiaRiaaaaaaviiial 
[Tafiaa bbbbb ■f*BaaB*Baaaa*aaaB*aaBB*l 
bibbs bbbbb aBaai bbbbb bibb* BaBBaaaaai 

. . . . Mil 

BBBBB BBBBB BBBBB BB8BB BJ BABA 


MMlBBBBBaMlII 

HHIIIIIIIIIIV  BBBBBBIBVB  BIBBHVII 
laBBBBaBBB>Baaa'aaaaaaaB*Ba|aBBaBBal 
Bbbbb bibbi bbbbb iaaaa  aaf la  a&aaa  bbbbb 
UBBsalMaBBiniiaaflBiliaMMfliBBBi 
BBBBB  BBBBB  BBBBB  BBaBB  BBBBB  aMBB  BBBBB 
BBBBBBBBBB BBBBB IlIBBBBBIBBBBiaaiBIfl 
BBBBBI  f  B*l  „'l  IBIBB BBBBB aiaaa  BBBBB 
••■•II  .  /  l-B  V  ,NI  BBBBB BBBBB BBBBB BBBBB 

SIbbbb  aaaBikkBhaiBBaaBBiaaiaBBSBBBii 
Bbbbbbbb^  ^  r  ■'BBB  BBBBBBBBBBBBBBB  bbbbb 
•  BBBbbSb^-  IB  BBB  BBBBB BBBBB BBBaaBBBBB 
—  ■•■1  I  *  BBB  BBBBB  BB  BIB  BBBBB  BBBBB 
BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB 

bbbbbbbbbbbSbbubSCbbSbbSbbSbbbbbbbb 

■ BBBBB BBBBBBBBBB BBBBaaBBBB BBBaaBBBBB 
■  BBBBBBBBBBBBBBB  BBBBBBBBBB  BIB Bl BBBBB 
bbbbb  ■■■•■•■••■  BBBSBBBBBi ■■■>■■  bbbbb 
BBfl ■  ■  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBMB 
IbBBBBBBBBBBB  BBBBBBBBBB  BBBBaBaj 
PWllB  . BIBB  BIBB  at  bbbbb  bbIM 

[bbbbbbbbbbbbbbb  bbbbbbbbbb bbbbb bbbbbI 
.jaaaaBBBaaiaaaai BBaaaaa  bbb  bbbbb bbbbbI 


TIP  SPEED  =  980  FPS 


I  BaBBaaBaaaBBBBBaBBBB BBBBB BBBBB BBBBB 1BBBB 

(MliMllllilUlilBIMflllllMillllllMi 

. . bibbbbi 

■BBBBB* I IB I II ■••BBB I BBBBB  aaaaa  BBBBBBBBIB 
IlljlljlllMflBMaBHIplHIIHIIIIitaiB 


T  1 .0 

TBASIC 


•BBB  BBBBBBBBBB  BBBBBBBBBB  B  BB  BBBB  BBBBB  Bl 

. . BBMIBII  BBB  BBIIBBM*II 

IBBBB*BBBBBBBBBBBBB  BB  BBIIII  fl  f— 
HH*MiiaiiaBBaa<  SB  iiaiii  * 


BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 11*1  BBBB|B|BI|I 

■BBaiiBBaaiBiaafliaii ibXbb ibbbbbbb . .  'Viiailiil 

BBBB  BBBBBI  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBI  ».i| 

55® ••••••• BBBBB  BBBBB  BBBBB BBBBB SBBBBBBaaBi  >  Ji|  | 

BBBBBBBBB  BBIbb  a  ■  *■■■  a  BIBB  IBBBB . .  BBBB  BIBB  bM 

•  BBBBa BBBB BBBB BaaaAa I BBkB BBBBB aaiBaiaaBB BBBBB  BBBB  BBBBBI 

a  a  a  ■  b  a  a  a  a  a  a  a  a  a  aa  a  a  a  b  a  *  a  bBBBbabbbIbmbm 

janaaaaaaiiiaiaiiaaiaii  I 

HH«  *  * *  BMMM 


pBBBBBBaaaBBBB  B  BB  B  BaaBBBBBBB 
ibbbbbbbb ■*■**•***• bbb Baiaa 


ESSES; 

t  cbbbb  BBBBB  BBB  BBaaaaa  BBBBB  BBaaaBBaasiM^MMM 

I . ■•••BB . . 

liBBBBBIBIBBBBIBaBBMMMaaiflltiail^ 

!■■■•■■■■■ 


**■■■■•■■* bbbbb bbbbb aaaBaa£I£i£I££ij 

icssssssssssnssssss  ssssssim 


iaiBB BBBBB ■■■■■• 


S88S£SSS8888SSS8|  Sj 


|*B  BBBBBBBBBB  IIIBIHBi*  »B**“»' 

IBBBBBBBBBBfll 
l*BBB®B*B$fiB 

**BBB®*Bii|a 
BaTITTITiagTiTaaTaBiB a a * a  a a S * ■ a ■ a 

■^^^^^M^^nHtiBaMiaaailMi  aaii  MaaiBBiaaaaa 

BBBBBBBBBB  ■■■»•■■■)  B  U  B  •  B  •■■  B  Bl  ■■  •  B  ■  * 

U*|BBIiaBBB  BBBB  l>lM|B|a|BBB|BBBB|J 


5BaBBaaBBaaBkBBBBB|*imHNVp 
a a ■ a a a bb ibb a ■ a • a a a SaBlTiaaaiBii 
laa  ■  ■■■■■■■■■■■■■•■•■••  bb^b  at  i 

■Ni*...  "“••■•■•aiaaiai b*biim| 


Baa  aa  a  aa 

ala*  bibbi  aaSaiaiBai 
aa aaaaa ■■Baiaaif! 
laa  i  bbb  a  bbbbbbbbIi 


•ataaaaBii 

Sliiniijjjk 

[■■■BBS  BBBB  BBBBBBBBII 

iaaa*aaaBBaaaaaaaaaag 
■HaakaaaaaaaaBaaaaaal 
.  . . 


20  30 

BHP(&IP> 
n2 


FIGURE  98 


Hamilton 

Standard 


DIVISION  Of  UNITCO  AlftCRAPT  CG."?PO«  A  T<*s| 


HSER  4348 


HS  SHROUDED  PROPELLER  TEST 


PHASE  I -8 FT  TEST  SECTION 
PERFORMANCE  COMPARISON  WITH  BASIC  CONFIGURATION 
CONFIGURATION  BI-3WT  1° 

TIP  SPEED  ■ 654  FPS 
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FIGURE  268 


HS  SHROUDED  PROPELLER  TEST 

RADIAL  TOTAL  PRESSURE  DISTRIBUTION 
AT  SHROUD  EXIT 

EFFECT  OF  PROPELLER  PLANFORM 
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APPENDICES 


EXTRAPOLATION  OF  EXPERIMENTAL  DATA  TO  THE  STATIC  CASE  (M  =  0) 

This  experimental  program  was  conducted  at  tunnel  speeds  to  a  minimum  0.02  Mach 
number.  This  represented  the  lowest  controllable  speed  which  could  be  maintained  in 
the  tunnel.  As  a  consequence  of  this,  the  data  had  to  be  extrapolated. 

Several  methods  of  obtaining  static  data  were  considered  and  many  of  these  tried. 

After  evaluating  the  various  methods  one  stood  out  as  being  superior.  This  method 
employed  calculated  performance  as  an  extrapolation  guideline. 

The  calculation  method  used  was  a  modification  of  the  method  employed  in  the  Hamilton 
Standard  Preliminary  Design  Bulletin  6220  referred  to  as  the  Blue  Bock.  This  is  a 
two-dimensional  vortex  strip  analysis  of  the  propeller  forces  coupled  with  a  momen¬ 
tum  representation  of  the  shroud.  The  shroud  thrusts  were  corrected  in  accordance 
with  the  Blue  Book  empirical  drag  corrections.  Figure  12. 1-1  is  a  plot  of  calculated 
and  experimental  values  of  power  coefficients  (Cp)  vs  net  thrust  coefficient  (Ctnet)  for 
a  constant  tip  speed  at  several  Mach  numbers.  This  plot  was  employed  so 
that  any  blade  angle  setting  inaccuracies  could  be  eliminated;  i.  e.  the  plot  is  not  de¬ 
pendent  upon  a  fixed  angle  setting.  The  experimental  data  in  figure  12. 1-2  is  shown 
by  symbols  connected  with  broken  lines  for  0. 02,  0. 05,  0. 10,  0. 15,  and  0. 20  Mach 
number.  The  calculated  data  Is  shown  at  each  of  these  Mach  numbers  and  at  M  =  0 
with  a  solid  line.  Figure  12. 1-2  is  a  crossplot  at  fixed  values  of  Cp,  of  the  data  shown 
in  Figure  12. 1-1,  Again  symbols  and  broken  lines  represent  the  experimental  data 
taken  from  the  faired  curves  of  Figure  12. 1-1.  The  extrapolation  from  M  =  0. 02  to 
M  =  0  followed  the  guideline  established  by  the  calculated  data. 

The  need  for  an  extraplation  guideline  is  exhibited  in  Figure  12.1-2  where  the  slope  of 
Ctnet  vs  M  is  seen  to  be  very  steep  near  M  =  0.  The  same  guideline  approach  was 
considered  for  the  extrapolation  of  the  propeller  thrust  coefficients.  The  agreement 
between  calculated  and  experimental  Ct's  was  very  good,  but  the  shallow  slopes  of  Ct 
vs  M  did  not  necessitate  a  guideline  for  extrapolation. 

Due  to  the  limitations  in  the  vortex  and  momentum  theory,  guidelines  for  six  of  the 
test  models  (B2-3WT,  B5-3VVT,  B6-3WT,  B1-3R1/2M,  B1-3RM  and  B7-3NT)  could 
not  be  computed.  The  extrapolation  for  these  six  models  was  based  upon  slopes  of 
CTNET  vs  Mach  number  established  for  the  other  models. 

Ctnet  for  each  model  at  each  oi  the  reported  tip  speeds  (785,  915  and  985)  was  extra¬ 
polated  to  M  =  0  in  this  manner.  The  resulting  values  are  believed  to  fairly,  consist¬ 
ently  and  accurately  represent  the  model  static  thrust. 

Some  of  the  other  methods  attempted  which  dio  ;r>t  yield  consistent  or  accurate  results 
art1:. 
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(Continued) 

1.  Extrapolations  of  experimental  figures  of  merit  to  M  =  0. 

Duct  flows  were  computed  from  measured  thrusts  and  plotted  against  M.  The 
slope  of  flow  vs  M  was  fairly  shallow  but  the  resultant  thrust  computed  at 
M  =  0  flow  did  not  produce  consistent  static  data. 

3.  Semilogarithmic,  squared,  cubed  and  inverse  plots  of  the  experimental  data. 
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CONVERSION  OF  EXPERIMENTAL  DATA  FROM  COEFFICIENT  FORM 

The  experimental  measurements  were  reduced  to  propeller  coefficient  form  through 
the  data  reduction  program.  These  coefficients  are  defined  in  the  list  of  symbols,  and 
the  relationships  and  the  constants  used  to  generate  die  curves  of  this  report  are  list¬ 
ed  below. 


Propeller  Configuration 


Nominal  Propeller  Diameter  Used  in  Coefficients 


3RM 
3R1/2M 
All  Others 


2.472* 

2.487* 

2.494* 


Po/t) 


The  power  loading  is  based  upon  the  shroud  ID(2. 5')  at  the  propeller  plane,  and  is 
equal  to  kjCp.  Values  of  are  shown  in  Table  12. 2-1. 

Thrust  per  Shaft  Horsepower  (T/BHP  and  Tnet/BHP) 

Thrust  per  shaft  horsepower  curves  are  shown  for  the  basic  model  (B1-3WT)  and  are 
related  to  the  coefficients  in  this  manner: 

T/BHP  =  k2  Ct/Cp 

Tnet/SHP  =  k2  Ctnet/Cp 

Values  of  k2  are  shown  in  Table  B-l. 

Thrust  Ratios  (T/TB1-3WT,  Tnet/Tnet  B1-3WT,  etc.) 

ct 

T/TB1-3WT  =  k3  — — — {at  same  RPM  and  power  loading) 

Ct  (Bl-oWT) 


Tnet/Tnet  B1-3WT  =  kg 


Ctnet 

Ctnet(Bl-3WT) 


where  CtBl-3WT  and  Ctnet  B1-3WT  are  read  @  Cp  =  Cp  (B1-3WT) 
and  Ct  and  Ctnet  are  read  @  Cp  =  k4  Cp(Bl-3WT) 

Values  of  kg  and  k4  are  shown  in  Table  12. 2-1. 


XII-5 


Contin 


Thrust  Ratios  (where  basic  model  is  not  used  in  denominator) 


Tx  T(B1-3WT)’  T  (B1-3WT) 


Tnet  Tnet 


Tnetx 


Tnetx  Tnet  (B1-3WT)  Tnet  (B1-3WT) 

For  example,  the  effect  of  tip  clearance  is  shown  by  comparing  the  thrusts  of 

Bl-3Rl/2m  and  B1-3KM  with  B1-3R  i.e. , 

’  T  (B1-3R)  T  (B1-3WT)  T(B1-3WT) 


TABLE  12.2-1 


PROPELLER 

CONFIGURATION 


Hamilton 

Standard 


U 

DIVISION  Of  UNITED  AIRCRAFT  CORPORATION 

fi® 


HSEJl  4348 


APPENDICES 


SHROUD  SURFACE  PRESSURE  INTEGRATIONS  -  FRICTION  DRAG 

Several  of  the  shroud  surface  static  pressure  distributions  have  been  integrated  to 
obtain  a  shroud  friction  drag.  Wheveas  this  effort  did  not  yield  the  quality  of  results 
which  were  hoped  for,  it  did  provide  a  better  understanding  of  the  distribution  of  thrust 
Ic'd  on  the  shroud.  The  friction  drag  obtained  from  these  pressure  integrations  has 
be  1  compared  with  analytically  determined  friction  drags  from  methods  described  in 
references  1  and  5.  These  friction  drags  have  two  applications  of  prime  importance, 
and  they  are:  (1)  to  explain  the  apparent  shroud  ineffectiveness  at  low  power  loadings 
x  po/p)  and  (2)  to  provide  a  friction  correction  to  be  applied  to  the  theoretical 

performance  prediction  method  under  development  for  Phase  m  of  this  contract. 

Measurements 

The  shroud  surface  pressures  were  measured  at  two  azimuthal  locations.  At  each 
azimuthal  location  there  were  twenty  three  static  taps  on  the  inside  surface,  nineteen 
on  the  external  surface  and  a  leadi’ig  and  trailing  edge  tap.  In  figure  12. 3-2  the  pres¬ 
sure  distributions  at  both  locations  are  shown  and  some  differences  can  be  observed. 
These  differences  are  not  fully  understood  but  could  be  due  to  several  contributing 
factors.  Some  of  these  factors  are:  surface  irregularities,  leaks  in  pressure  loads, 
model  pitch  or  yaw,  tolerances  on  pressure  tap  locations,  and  shroud  asymmetry. 

The  degree  to  which  these  differences  affect  the  friction  evaluation  cannot  be  fully  es¬ 
tablished,  but  both  measurements  as  well  as  the  average  measurement  have  been 
integrated. 

METHOD  OF  INTEGRATION  AND  FRICTION  DRAG  EVALUATION 

‘'Pk  =  P^  -  Pqo  +  Cp  indicates  PL  >  Poe 
q^T  -  Cp  indicates  PL  <  Poe 

With  the  shroud  divided  into  three  sec  ns,  as  shown  in  figure  12.3-1,  the  pressure 
integration  can  quite  easily  be  visualized.  Section  I  starts  at  the  leading  edge  and  ex¬ 
tends  aft  to  the  points  of  minimum  radius  on  the  inside  surface  and  to  the  maximum 
radius  on  the  outside  surface.  Section  II  is  that  portion  of  the  center  section  of  the 
shroud  which  has  a  constant  inside  and  outside  radius  and  hence  no  projected  surface 
area  in  the  thrust  direction.  Section  III  is  the  aft  portion  of  the  shroud  commencing 
where  the  inner  and  outer  radii  again  change  from  the  minimum  and  maximum  dimen¬ 
sions.  Therefore: 


XII-7 


Hamilton 

Standard 


U 

AlQCR* 


HSER  4348 


(Continued) 

ATs  =  APl  x  AA 
where  AA  =2;rrAr 

*PL=PLin@r~PLI@r 
proceeding  to  the  limit  and  integrating  yields  = 

/Ro 

B, 

2 

but  2^rdr  =  rrd(r  ) 


*  <PLHI  -  pLti  -  1“  <^5^-"'“  -  ®  r  -  q"(CPuiI  ■  cPli>  ®r 

ro2  *  324 

(CpLni  -  CpLI)  d(r  ) 

Ri  = 225 

2  2 

and  with  Cp  plotted  against  r  (inches  )  and  integrated  Ts  is  obtained.  The  various 
shroud  sections  (I,  II  and  III)  and  the  shroud  axial  locations  (x)  are  denoted  on  figure 
12. 3-2.  The  association  of  ri2  and  ro2  with  static  tap  location  for  the  various  shroud 
models  is  shown  in  Table  10.3-1.  A  perusal  of  this  tabulation  readily  shows  that  the 
projected  area  in  the  thrust  direction,  measured  by  r2.  changes  very  abruptly  near  the 
leading  edge.  This  is  also  shown  in  figure  12. 3-2  and  creates  some  inaccuracy  in  the 
pressure  integrals. 

Several  pressure  distributions  were  integrated  to  define  the  friction  drag  and  to  explain 
the  loss  of  shroud  effectiveness  at  low  values  of  BHP/D*  X  p0/p  .  Figure  12.3-3  pre¬ 
sents  a  summary  of  the  pressure  integrals,  the  measured  force  and  the  friction  drag  for 
several  M  =  0.  3  data  points.  Superimposed  upon  this  curve  is  the  friction  drag  as 
deduced  by  the  method  of  reference  1.  (The  friction  drag  from  reference  5  was  very 
similar  to  that  from  reference  1) .  The  reasonably  good  correlation  shown  here  between 
the  experimental  and  analytical  approaches  was  not  found  to  be  consistently  true  for  all 
cases  examined.  Therefore,  for  purpose  of  this  ieport  the  method  of  reference  I  will 
be  used  to  define  the  shroud  friction  drag  and  to  establish  conclusions  on  shroud  effect¬ 
iveness.  However,  for  the  shroud  friction  addition  to  the  theoretical  method  of  Phase 
III  of  this  contract,  additional  effort  will  be  expended  on  the  experimental  pressure 
distribution  as  well  as  on  purely  analytical  methods. 
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(Continued) 


The  analytically  determined  values  of  shroud  friction  drag  (reference  1)  are  summarized 
in  Table  12. 3-II  for  the  B1  and  B4  shrouds  (1. 1  and  1. 3  area  ratio).  The  equation  de¬ 
rived  from  reference  1  from  which  these  drags  were  determined  is: 


«>/pFD=n'DC0'8  ^ 


T  Pq/p 

D2 


TABLE  12.3— II 


t/d2x  fyp 
v  (fps) 

0  20  40  60 

FD  P%  FOR  8 1  SHROUD  (POUNDS) 

0  20  40  60 

Fd  Po/p  FOR  B4  SHROUD  (POUNDS) 

0 

0 

1.8 

3.3 

4.8 

0 

2.5 

4.5 

6.5  | 

100 

1.7 

3.3 

4.8 

6.2 

2.6 

4.7 

6.8 

8.7  ! 

200 

5.5 

6.8 

8.2 

9.6 

6.7 

8.7 

10v7 

12.5 

300 

11.6 

13.0 

14.3 

15.7 

13.4 

15.2 

17.1 

18.9 

400 

19.4 

20.6 

22.0 

23.3 

22.6 

24.4 

26.2 

28.2 

500 

28.7 

29.9 

31.2 

32.5 

34.0 

35.6 

37.3 

39.2 

600 

40.0 

41.2 

42,3 

43.5 

47.1 

48.7 

50.2 

52.2 

Table  12.3-II  was  based  upon  the  B1  and  B4  shroud  model  dimensions  and  upon  air 
viscosity  at  65°F. 

The  friction  drag  for  the  1.2  area  ratio  shroud  (B3)  can  be  attained  from  the  equation 
for  Fj)  po /p  cr  from  a  linear  interpolation  of  the  drags  on  Table  12. 3-II.  For  all  the 
remaining  models,  except  B7  (short  chord)  the  drags  are  the  same  as  for  Bl.  For  the 
short  chord  shroud  the  drags  are  twenty  percent  less  than  the  tabulated  values. 
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TABLE  12.3-1 


VA2  = 

1. 

1 

1. 

1 

1.2 

1. 

3 

1.1 

%c 

ri2 

r  2 
0 

r  2 
i 

r  2 
0 

rt2 

r  2 
0 

V 

r  2 
0 

r  2 
i 

r  2 
o 

L.fe. 

289.5  ' 

289.5 

280.8 

280.8 

289.5 

289.5 

289.5 

289.5 

289.5 

289.5 

01 

266.8 

306.5 

260. 

299. 

266.8 

306.5 

266.8 

306.5 

170.0 

304.5 

02 

258. 

311.8 

252. 

305.5 

258. 

311.8 

258.0 

311.8 

262.0 

309.5 

04 

245. 

318. 

241.8 

313,2 

^45. 

318. 

245. 

318. 

251.5 

315.2 

06 

237.5 

320.2 

235.9 

317.8 

237.5 

320.2 

239.5 

320.2 

243.2 

318.5 

08 

232.5 

322. 

231. 

320, 

232.5 

322. 

232.5 

322. 

238. 

320.5 

10 

229. 

323. 

228.2 

322. 

229. 

323. 

229. 

323. 

233.5 

321.8 

12.5 

226.5 

323.5 

226.6 

323.2 

226.5 

323.5 

226.5 

323.5 

230. 

322.7 

15 

225.2 

324. 

225.3 

323.7 

225.2 

324. 

225.2 

324. 

227. 

323.5 

17 

225. 

324 

225.1 

324. 

225. 

324. 

225. 

324. 

226.5 

323.8 

20 

225. 

324. 

225. 

324. 

225. 

324. 

225 

324. 

225.3 

323.9 

25 

225. 

324. 

225. 

32*. 

225. 

324. 

225. 

324. 

225. 

224. 

30 

225. 

323. 

225. 

323. 

225. 

323. 

225. 

323.8 

225. 

322.5 

35 

225. 

321. 

225. 

321, 

225. 

322.2 

225. 

323.5 

225. 

319.2 

40 

225. 

318.5 

225. 

318.5 

225. 

320.5 

225. 

322.7 

225. 

316. 

50 

225. 

311.5 

225. 

311.5 

225. 

315.5 

225. 

321. 

225.3 

307. 

60 

228.8 

302. 

228,8 

302. 

231.5 

308.5 

234,7 

317.5 

228.2 

296.6 

70 

233. 

291. 

233. 

291. 

240.8 

301.5 

248. 

311.5 

233. 

284.5 

80 

238. 

279. 

238. 

279. 

250. 

293. 

261.5 

304.8 

237.5 

273.5 

£0 

242.5 

265. 

242,5 

265. 

259. 

282. 

275.5 

277.8 

242.7 

261,3 

92 

244. 

X 

244. 

X 

261. 

X 

278. 

X 

244. 

X 

94 

245. 

X 

245. 

X 

263. 

X 

281. 

X 

245. 

X 

96 

245.5 

X 

245.5 

X 

265. 

X 

284. 

X 

245.8 

X 

98 

246.5 

X 

246.5 

X 

267. 

X 

286.8 

X 

246.5 

X 

T.E. 

248.2 

248.2 

248.2 

248.2 

269.3 

269.3 

290. 

290. 

248.2 

248,2 

SHROUD 

B1 

B2 

B3 

B4 

B7  1 

DESIGNATION 
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HS  SHROUDED  PROPELLER  TEST 

SHROUD  SURFACE  PRESSURE 

CONFIGURATION  BI-3WT 
TIP  SPEED  =  850  FPS 
M  =  .30 
0  =34° 

RUN  667 
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APPENDICES 

PROPELLER  THRUST  AND  POWER  DISTRIBUTIONS  FROM  SP.^OUD  EXIT  TRAVERSE 
PROBE  MEASUREMENTS 


A  three  dimensional  traversing  probe  was  installed  at  the  shroud  exit  for  approximately 
95  runs  to  obtain  total  and  static  pressure  distributions  and  flow  magnitude  and  direc¬ 
tion.  This  probe  was  traversed  across  the  shroud  exit  plane  with  measurements  taken 
at  six  or  more  radial  locations  for  one  azimuthal  position.  These  data  are  completely 
tabulated  in  Volume  IV  of  this  report  and  will  be  used  extensively  in  establishing  and 
checking  out  the  theoretical  method  for  Phase  III  of  this  contract.  The  traversing  probe 
is  described  in  detail  in  the  Test  Methods  section  of  this  report  and  also  in  Volume  II. 

Propeller  Thruct  Distribution 


An  incompressible  flow  analysis  was  employed  to  compute  propeller  thrust  distributions 
(dCt/dx).  The  velocities  and  pressures  used  were  from  traverse  probe  measurements 
at  the  shroud  exit  plane.  With  notation  as  defined  in  the  Figure  3  the  derivation  of  the 
equations  for  dCt/dx  for  the  1. 1  area  ratio  shrouds  with  C/D  =  0, 667  is: 


Constants: 

Xh3  =  0. 25 

H  denotes  total  pressure 

Xhe  =  0.251 

P  denotes  static  pressure 

R3  =1.25' 

V  denotes  axial  velocity 

Re  =1.313' 

V  zeta  denotes  tangetial  or  swirl  velocity 

A2  =  A3 

Radial  velocities  are  neglected. 

dT  =  16dCt  n2R4 
x  =  r/R 


From  Bernoulli: 

H3  =  P3  +  l/2p  Vg2  +  l/2p  V2ZETA  (dl) 

.  2 

H2  =  P2  +  1/2  p  V2  (d2) 


For  a  control  volume  around  an  elemental  propeller  area  dA. 

2  2 

(P3  -  P2)  dA3  =  dT +pdA3V2  -  pdAgVg 


(d3> 
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which  for  incompressible  flow  becomes 

16dCT  pn2  Rg4 
(P3  -  Pa)  =  dT/dAg  =  - -ft - 
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(d4) 


5 


and  dAg  =  2irr3drg  =  2rr  Rg  X  gd  X  g 


(d5) 


Subtracting  (d2)  from  (d^  substituting  (d4)  and  (d5)  and  letting  V2  =  V3  (Va) 

8 p  *2  Rs2 

h3  '  h2 - -  dCrp/djj  +  l/2p  V  ZETA  (d6) 


H2  =  Hoo  (assumes  no  inlet  total  pressure  loss)  (d7) 

which  was  quite  well  substantiated  by  inlet  rake  measurements) 


Hg  =  He  +  AH 


(d8) 


The  measurements  made  at  the  shroud  exit  are  transferred  to  the  propeller  plane  so 
that  dCt/dx  can  be  defined.  AH  is  the  loss  in  total  pressure  due  to  the  diffuser  in¬ 
efficiency  and  is  estimated  from  the  one  dimensional  computed  loss  for  a  conical  dif¬ 
fuser  in  axial  flow. 


AH  =  (1  -  rj e)  1/2  PV32 


(d9) 


where  =  diffuser  efficiency  =  92%  by  assumption 
V3  =  average  velocity  (a  3 
Ae/A3  =  1.1 


In  order  to  distribute  the  total  pressure  loss  in  a  realistic  manner  the  inefficiency,  as 
represented  by  (1  -  ljjy  was  distributed  linearly  at  the  outer  and  inner  boundaries 
(Xe  =  0. 935  to  1. 0  and  Xe  =  0. 25  to  0. 35).  The  loss  magnitude  was  assumed  to  be  twice 
as  large  at  the  outer  wall  as  at  the  inner  wall  representing  a  net  loss  equal  to  the  loss 
implied  by  equation  (d9) . 


The  streamline  at  the  exit  plane  are  assumed  to  be  represented  at  the  propeller  plane 
by  the  following  expression; 


X3 


(Xc  -  Xhe)  +  Xh3 

1  -  Xhe 


(10) 
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(Continued) 


but  for  the  1.1  area  ratio  shrouds,  where  =  0.250  and  Xj^  =  0.251 
X3  =  Xe  and  dX3  =  dXe 

and  from  conservation  of  angular  momemtum 


(dll) 


(dl2) 


r3  vZETA3  -  re  vZETAe 

or  VZETA3=|^fi  VZETAe  (dl3) 

which  for  the  model  being  considered  (1.  lAe/A3,  C/D  =  0. 6t7) 
reduces  to; 


VZETA3  ~  1^05  VZETAe  (dl4) 

Combining  (d6),  (dlO),  (dll)  and  (dl4) 

dCT/dx  ■  8^57“  [  (He  -  H»>  +  AH  -  0. 55p  V2ZETAe  ]  (dl5) 

and  (d!5)  reduces  to: 

908  x  r  2 

dCT/dX  =  -Tn^  pe  -  Hoc  )  +  AH  -  0.  55p  V  zETAJ  (dl6) 


where  P  =  free  stream  density 

N  =  propeller  RPM 
Ke-Hoc  =psf 
VzetA  =  Ve  tan  ZETA 

A  numerical  example  utilizing  equation  (dl6)  is  shown  in  Table  12.4-1  and  several 
dCt/dx  distributions  are  shown  in  figures  12.4-1  through  12.4-7.  Integrations  of  these 
distributions  gave  thrust  coefficients  which  agreed  very  well  with  measured  values. 

Power  Coefficient  Distributions 


An  incompressible  flow  analysis  was  employed  to  compute  the  propeller  power  distri¬ 
bution  (dCp/dx)  from  traverse  probe  measurements.  Due  to  the  direct  dependence  of 
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(Continued) 

dCp/dx  upon  the  measured  swirl  angle  ZETA,  and  due  to  the  tolerance  in  the  ZETA 
measurement,  correlations  between  measured  and  computed  powers  have  been  poor. 
Because  of  the  poor  correlation  no  refinements  in  the  analysis  and  no  measurement 
corrections  were  attempted  since  they  could  only  bring  about  minor  improvements. 
The  formulation  of  the  equation  is: 

550  dHP  -  Q  dQ3  =  32  pn3R35dCp  (d21) 

and  from  conservation  of  angular  momentum 


dQ3  =  dQe,  where  Q  =  input  torque 
&  dQe  =  (VZETAe  fc  )  (P2  Tfed  fe  Ve) 
with  r  =  xR,  Q  =  2  rm  and  n  =  N/60 


vZETAe  Ve 


(d22) 

(d23) 

(d24) 


Several  power  distributions  were  calculated  and  are  shown  in  figure  12.4-8  through 
12.4-9.  For  the  power  distributions  a  ±  2°  tolerance  was  assumed  on  the  swirl  angle 
(ZETA),  and  the  effect  of  this  tolerance  is  shown  in  figures  10.4-7  and  10.4-8.  These 
distributions  were  integrated  and  compared  with  the  measured  values,  but  because  of 
the  errors  in  the  swirl  angle  the  agreement  with  test  was  poor. 
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APPENDICES 


5  CALCULATION  OF  SLIPSTREAM  CONTRACTION  AND  NET  THRUST  FROM  PRES¬ 
SURE  DISTRIBUTION 

Several  pressure  runs  have  been  selected  to  evaluate  the  net  thrust  and  the  slipstream 
contraction.  A  semi-viscid  evaluation  of  the  net  thrust  can  be  obtained  from  the  flow 
measurements  at  the  shroud  exit  from  the  traverse  probe.  The  internal  'acous  effects 
of  the  shroud  are  included  in  these  flow  measurements.  The  external  momemtum 
deficiency  due  to  the  shrcud  friction  drag  is  not,  however,  included  in  these  flow 
measurements.  The  slipstream  contraction  is  based  upon  these  measurements  and  the 
assumption  that  the  static  pressure  in  the  ultimate  wake  is  equal  to  the  atmospheric 
static  pressure.  For  these  analysis  the  pressures  and  velocities  have  been  averaged 
and  the  problem  has  been  reduced  a  one-dimensional  one. 

Analysis 

Assumptions: 


1.  Rotational  effects  are  negligible 
by  a  uniform  jet  static  pressure 

2.  Average  exit  axial  velocity  =  Ve 

3.  Average  exit  static  pressure  =  Pe  =  arithmetic  average  of  static  pressure 
distributions  from  figures  273  through  285. 

4.  A* jet  =  A*e  (equivalence  of  areas  where  M  =  1. 0) 

5.  Hj  =  He  (total  pressure  equivalence) 

Making  use  of  compressible  relationships  and  Mach  tables  as  in  reference  7,  Table 
12. 5-1  shows  the  pertinent  values  used  and  the  results  which  evolved. 

where: 


and  equilibrium  in  the  jet  is  satisfied 
where  Pjet  =  Poo 


j£ 


1.0 

Xhe  We^e 


1.0 


pX  dX 
Ke  e  e 


pressures  are  in  psf 
thrusts  are  in  pounds 
velocities  are  in  fps 


Temperature  is  in  degrees  Rankine 
M  is  nominal  free  stream  Mach  No. 
density  is  in  slugs/ft3 
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(Continued) 

In  Table  12.  5-1: 

1.  Aj/Ae  is  the  computed  slipstream  area  contraction  and  is  equal  to 
Aj/A*/Ae/A* 

2.  Tneti=  PeAeVe<VrV«>) 

o 

where  5. 06  ft  (Area  ratio  =  1. 1) 

and  Ae(B4_3wv)=  5* 975  ft2  (Area  ratio  =  1. 3) 

3.  Fj)  is  the  shroud  friction  drag  based  upon  Table  12. 3— II. 

4.  Tnetc  =  Tnetj  -  FD 

Table  12. 5-1  shows  that  the  slipstream  leaving  the  shroud  generally  contracts  to  its 
ultimate  or  jet  size  where  the  static  pressure  is  again  atmospheric.  Of  the  two  models 
the  contraction  is  about  5%  greater  for  the  1. 1  area  ratio  shroud  (B1-3WT),  indicating 
tha  t  the  jet  area  for  this  model  is  oaly  about  80%  as  large  as  for  the  1. 3  area  ratio 
shroud.  The  corrected  net  thrusts  (Tnetc)  are  nearly  always  greater  than  the  measured 
net  thrusts  indicating  that  there  is  an  incompatability  either  in  the  pressures  and 
velocities  or  in  the  formulation.  The  disagreement  between  these  values  is  worse  for 
the  1.3  area  ratio  shrouds. 

The  lack  of  agreement  between  the  computed  and  the  measured  net  thrusts  could  be  due 
to  several  factors  which  will  be  further  evaluated  in  the  theoretical  formulation  in 
Phase  IE  of  this  contract.  This  investigation  will  look  into: 

1.  A  2-D  analysis  where  distributions  of  pressures  and  velocities  will  be 
used  in  lieu  of  average  values. 

2.  Using  the  inlet  rake  velocities  and  exit  rake  total  pressures  in  generating 
the  required  information  to  determine  Tnetc  and  Aj/Ae. 

3.  Incorporating  measured  radial  and  tangetial  velocities  in  determining  the 
distribution  of  Pj. 

4.  Using  the  shroud  surface  pressure  at  the  trailing  edge  as  the  static  pres¬ 
sure  at  the  shroud  exit. 
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APPENDICES 
APPLICATIONS  TO  X-22 

The  data  obtained  in  this  test  program  were  used  to  determine  the  potential  perfor¬ 
mance  benefits  available  to  the  Bell  X-22A  through  shroud  and  propeller  shape  changes. 
To  do  this  the  performance  of  each  model  was  determined  at  three  X-22A  operating 
conditions.  From  these  data,  the  relative  effect  on  X-22A  performance  was  obtained 
for  a  given  shape  parameter  change  by  interpolating  the  performance  of  the  X-22A 
from  the  test  data  and  making  a  ratio  of  that  performance  to  the  performance  of  the 
variable.  No  consideration  was  given  as  to  whether  the  shape  parameter  change  was 
structurally  feasible  within  the  present  framework  of  the  X-22A.  These  results  are 
shown  in  Table  12. 6-1  on  the  following  page. 
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(Continued) 

This  table  summarizes  the  findings  fcr  the  three  conditions  shown.  The  largest 
changes  in  performance  are  noted  for  area  ratio.  The  test  data  indicate  that  had  the 
X-22A  incorporated  an  area  ratio  of  1. 3,  a  gain  of  3. 5%  in  net  thrust  could  be  realized 
at  static  conditions  but  this  would  have  resulted  in  a  40%  loss  in  cruise.  Similarly, 
the  effect  of  the  other  shape  changes  can  be  seen  in  Table  12.6-1.  The  effect  of  the 
shroud  external  shape  (B6-3WT)  and  the  number  of  propeller  blades  (B1-4NT)  are  not 
shown  since  there  were  no  performance  benefits  with  these  two  variables. 

It  should  be  pointed  out  that  even  larger  gains  may  be  possible  than  indicated  in  this 
table  if  it  is  possible  to  combine  shape  parameters  not  investigated  in  this  test.  For 
example,  the  B4-3WT  model  with  the  3R  or  minimum  tip  clearance  blade  may  produce 
an  even  greater  gain  in  hover  perfonnance  than  is  indicated  in  this  table.  Similarly, 
other  combinations  are  possible. 
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